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(54) h#-f ypc^-ifjig^5^>/t^K 



(57) mm 



t 



(a) i£?[J^^2(3l^cOT$ yK^^^^J*^^b=S:^^>'>'^°:7 

1 1 i^z^-^^^im^^^^i^yy^^w. 
[ nm<m 7 3 mmm^ 3 izimcor ^ ymim t fzi± 

mt>L<i±'f*!in$fiyv:r5y^9JA^fb^'9. ^ 

yy ^— t'l I t::^'rS7Stt5r^-S.^>^>'N'^«. 
— I tc^i-^vS14^^-&ff3<Jl3-7tcl^cO^' 

b.-K^ yy ^— I tmih^^ vyy—^i i (cM^-^ 

-SXgi:^<l;L^. lopBP:^yj^^Wth:i^-^Vyy- 

[fi3<3S9 1 h^-r y y ^— t^i i i,z^^him^^ 

^hm-^ 3-7 C;riea<5^^^ w ^ t 

m^i^z^^^^h^m^coit^^mh^^^n^ ^ 
Iii3<is 10] b7K>r y y V— fe'i i tcs-^-r^/SttS- 

^t-^fi3<JS3-'7(^IBK^7):^>'>'^°^Wh b."K^yy^ 



(2) ^#^1 1-75856 



mmMt. ^yy^i^m^im?:^^tm:?:m^^x 

ti:'^m'i'i^mj:mt. iFmmz:mi:thM^(^t 

1 1 -TopBPi^yj^i^wm-^izm'^'thih^coy.i^v 
-^yi^'irm. 

[fi3<Jiii] TopBP^y>'^"^^h^7^Myy^— fell 

^^jFM^(^*3(t& h;tr^ yy ^-^f 1 1 coim^mih 
^^mmmnmt ^mt^. h^^-^ yy ^— tfi i -to 
pBP ^ y>'N*^s^'^t3i^(t-S) bTK-f y y ^--tf 1 1 vstt 

[000 1] 

[ wmmrTh ] . h .-K-f y y ^ — 

h h*^>r yy ^— fei i^^5^y>'>°:^wk Lxmtziz^m 

^nfzTopE?it5xmopB?2{zmtt. 

C00021 

[t^5Jtco*r«fc cfct/^^^ 3 t-i-imm] dna 

feii(i. hTK^ryy^-- 1: 1 k h^-^yy^-^ii 

y ^-^1 1 wi. m^^^s{^f)^i^^^ti^ . hT^^ 
yy ^—fe'i I ai5Xxj^h7i<^ yy ^— tfi iBt\^^d 2m 
mcoi^^rt'^hh:itti^htix\^h. ^zhcrmi^-/)^ 

•Hfll «An70kDa. h;K-f yy tfl I /JAnSOkDaT"*) 

N-SoS-m^^. h.lf-f yy^— tfii>3-fe^yyh 
04 -j^co 3 1± h y y ^--fei I a t (7)ii^mm^-b^-> 
fztK c-^^^mm^j:n. zcrmmizx^xmKcim 

^nx^^^. 

[0 00 3] DNA h.i<>fyy^—tf{i:. DNAOh.i^nS/'X? 

)u^j:mt^mm'^mmx^hn. h^-(yyy-^u 

(±. DNA4^tC:fe(tSX:*:^<7^-^^™T5:ii:-$-y:. 
^CO^tCO (intact) DHk^ZMm^^mLX^W}^ 

X. hn^^ yy ^— if 1 1 immzii{'th^i^<^mt 

^tl;ZiJmX^^hZttmhtlX\^^h{^eitt,P.}\. . an 

d Hickman. J. D. , Biochem. J. 303 : 681-695 (1994) . J: 

Wang. J. C. Annu. Rev. Biochem. 65:635-692(1996) 

). 

[00 04] ::coj:o=Srf^ffl5:^-&b^>fyy^— 

- • 



I 
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^ZttmhitX^^i>iLiu.l.F . Annu. Rev. Biochem. mt^^. 

58:351-375(1989)) . [0 0 12] $^(CSf^. IS^US"^ 2 t^lB® 

[000 5] <r^j;-5=sr^«rtg^^t'^(c:j:or^t (^Tiywmim>i^^hi^yy^i^wc^^. zzx\ * 

2'^<C:i:*^T&^C:i;(i:. Kaufman. S. H. (Kaufman. hL<mmcOT^ JM^^X^^ mMi>L<i±mu^tl 
S.H.. Cancer Res.. 49 : 5870-5878 ( 1989) ) J; oYcT 5 y^^ij;^^^b=5r0 . h;K-^ ^--fel Uc?^ 

[ 0 0 0 6 ] STt. (E^io J;^/'^';^3-x^s:^^^• 



mziii . h .i^-f y ;>< ^ — 1 1 c7)Mc7)Md-Hc J: -S t» COT^ 
^Zt-^^^^tlX^^^ {Beck. W. T.i:Danks. M 



K 



[0013] :^wmt.fz. mm^^si^z^mcoT^y 
mm^fzi±mET 5 ymimz:h^^x 1 i^xh<^r 5 y 



Oncol. Res. 2:235-244(1991). Yun. J., Tomi da . [ 0 0 1 4 lJiiac7)r 5 yM^tSD. ^^iiS^iiM 
Nagata K.^Tsuruo, T. Oncol. Res. 7 : 583-590 ( lgIMJ^^l^jT-^>-&^{a^^^f^% (0^J;t{i\ Nuc 1 e i 



5) ) . 

[000 7] Lfzti^-ox. ^mi^zimht-^^^^^m 
v^T h;K-r vy ^— 1 1 ^m^^mm^h z.t(^zx^. 
m^i^zn^himw^m^^mihh zl t h^mx^ 

^m^L. :icoxotcmBwm^z^'^^tihw?'^n'^ 

[0008] 

c^M5:»?^'r-S7t^B^c7)^s] ^z.x\ -^wncrmm 
mmn^mmbi^xmrnm^^m^tzm^. zl 

[0009] t-=3r;b-^. -^^mi. l^lTcO(a) a7tii(b) 
<7):^y>'N-^«2rn-F-rsaf^'Cf)'9. <rc:r(a)i^ 

xuih) {i^n.m. ( a ) mm^- 1 tcisKcor s y sse 
mt^^tch^y^^^m. (b) r $ysss^ij(a) ^ciov^T i 
t L < \±mmcoT 5 y ^ l < ^-f^uu^ix 

tzT S ySffi^il*>^^=5r 0 . b.-K-f y ;^ ^— I «S 

[00 10] iilTcO(a) S7tJ±(b)<7)^ 

>yN°^W^r?-H-rS®fK^T*^i9. ^ClT. (a)^3j: 

v( b ) (im-f-'ix. ( a ) m^m^- 2 tzia^cj^r ^ y sae^y 
i}^h^j:h^y^^'^m. (b) T5yKse^y(a) ^^^jv^t liu 
±i7)r5y^^^^*. mmhL<\imwzfifzr^ym 

^^^hi^y^^^'m. xhh. 
[ 0 0 1 1 ] $ ^^t^. -^^wmt. lE^ijs-^ 1 i^ztmcor 
^ym^mt^h^j:i>^y^'^^m.x^h. zzx\ 
(T^^y) ^^mi. ia^j#-^ 1 t3f a^cor ^ y ^^rjtc^^ 



c Acids Reserch. Vol.10 No. 20, p6487'-€500 $-#^^7) 

"^mnm^i^zx ^nm. "K^^iimmx^ h^^cor 

[0015] $ 4>tz. immit. h;K^ y^^— ifi i b 
mfie h;K-f y ;>< ^— 1 1 i^z^-thmL^^-^hmm 

Tii^yjicoTsyK*^^^^:^. mm. mw^ivfz^y^^^ 

;K^yy ^— ifi I lizm^^^him.^^^^y^'^^wb 
cm,'^<7y^sm.^m^^^jLmt^mt^. topbp^ 

[0016] ^^mi. h;K^ yp< ^— ifi I (c^^-g. 

t. ^yj^^w^^{m.^-^^hmi^^m\ytmm.^ 

^mimt . ^^^izm±:th^^^coit^^m^^ 
hm^jmb^mx.^. lop^Y^^yj^^w^zm^^hit 

[0017] :^^Mii^fz. h4^-r vy y—^l I i^z^ 



'r^mi'S:m^^±Mm^yy'<i^w^fzi,i^m^y^'<:^ 
wb h;K-f y^^— ^f i I b^z-ittm-m^mmj: 
mb . mm—m^b^^m^misu^i^ hju^^^ 
^^t^h LKumm^mihti^'^m^'it'^b ^rae 
^-it^^zM^mmjimb. i^y/^^'M^^^^ 
^^m^^m^^xmmiim^i:7rj^L. mEm-^ 
b^^:^cr^t^b ^^mr^-^MJimb . ipm^i^z^ 
ij^^^^^c^t^^m^-thmthTmb ^iM^^. 
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(0 0 183 ]DP;cT. :^Wm. TopB?i9y^^9Wth 
[0019]' 

^ . 1(a) le^ij^-^ 1 tc:iBii(7)r 5 ymtm-b^h^j:^ ^ 

mnr ^ yssH^'Jtcfcv . i {IPJll. i ^> l < 
0. @E?[j#-^icorsy^^iJc;)v^*^^sgB<bH3^DT 

[002 13 ^Wmzi6\^^X. TopBPi:(i ' h^f^^Vy 
^— tftC^^-^-^vStf 5:^^:5^ >'>'^*^W I To 
pBPtCii. ^^^^J:dlfZ. TopBPli:TopBP2t*>'i-^n 

vy y-^b^c^t^lSKi^m^^t&kmT^-^'tti^ 
[00223 I h;K^yy^— tf I tfi. DNAcOh;Kn 

c7)iim!® 5:^?^^ LT^#^flJt t (7)T'^ o T J: < . 

X o T jtf^X^t^jS4$-l«: t cor?) o T t cfc V 
[00233 h^^yy y—^t^M^^h^ifZii. m 

m\bw^ti^iJ^X'hi>fzib. im:hxx/um(oh 



[0024 3 :i^^Ef^ZiD\.^Xh^^Vy'7—^ntit. 

±Mi<^h7t<^yy^'~'^<^2^(^(^d'h. iim(Di:>co 
^ ^ . yyy—^i ixz-:^M^co—^mi,z-^ 
mf^zmmm^mmrt^. h^^^vyy—^un. dna^^ 

iZiD^-f^Z.^m^—^liZtlML. ^(D^tCO (intac 
t ) DNA$:C:cO«MgB5riiL"Cf?ifi$-«:. ZcotJM^^y 

.-K^yy^— ^11 a (ITOkDa) th^-^Vyy—^UB 

(isokDa) b\^^d2-:>cDnmm^^m^^ri^. 

tCi3 V ^TT o p B P 1 :B J; W o p B P 2 j^^^^^-^-r ^ ^ y^' W(i . 

yy ^— if 1 1 . 
[00253 ' yy ^— if 1 1 cr)C'^^m 1 1 

hyt^-^yyy— ^11(^3' mi^z^^^hmm'Si^^m 
^hmm^'^tsmm'S:\^'^d . \ih<nh7i^^yyy—^n 
/3XU. T^y^miA3^ie2ix^^tihmm mm 

$rVUv bh<7)h7K>fyy^— ifll «T1i:T^ 

ymi^mm 195—1531 XTsk^ti^^mm^^ ^ 0 . 
[0 0 2 6] tfz. \ {a)m¥m^2f,zMmcoT^ym 

2 t3i2®cor 5 ym?3\^^~t^ ^yj^i^m^^ 
mzm^^ti:^y^^yw^::3-v^hmi^^^'^ 

[0027] ^ {b)T^ymS9Ua)i,Z}5\^XlhL<ii 

mmc^T^ym^x^. mmhLKumw^tifzT^y 
m£9\\^^h^ n . hTK^ yy ^— tr 1 1 tc^^T&vS 

^^itmm^T^ym(DX^. mm. ftJUn^ifo^M 

*->*r>f yy ^— b-i I i^z^x^ hmt^^^thmn. 

[0028] $^btc:. ^wm. ie^j#^i-3c7)v^-^ 

\^^rtU)Hzim^T^yw^mifZis\.^x. amcoxo^ 
1 1> L < (±^^Si7)r 5 ymcox^^ mmhL< i±mut^ 

\^^tfU)Hz^m<^sy^^i:^W'S:z2— h'-r^jti^T-^ 
-s. lauc. ie^ij#^2(cia^<7)r5y^?ij*^*b^^ 

TopSP^rm^tC^-r. laiWi^f^tC. AtlbbcOh 
;K-f yy^'-tfl I ^co^SitSr. Btcb hcOTopBPlcO^fit 
ir^LXh^. Clc:TopBP2c7)^it5:^-r. 

[0029] hJj^-^ yy y-^ii. m 1 Atc^-r i ^ 

(C. 5'fl*-f^. ATPasevStt. DNAflMr/B^YStt. li 
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yif^ 5— fe'i 10 con 1 4 3 ~i 6 2 1 izu^^-t 
■t^. tfz, r5.ymmm. 1A3 —1.272 izm^^-thm 

I. h^^V;<^— a COTS, ymim, 115 

—1,249 tjT«pBPliJj;tfropBP2i:co^vStt^^-ri>TS 

[0030] TopBPim. 522r5/^^^>^-S-W^S17 

^mmco±m.m. ■i-^t>-hTsy^^862'-~i52i^x' 
■i(D:$'yj-<:^wcorsymi?f\tm^mt^m^\ 

#-^3t3j;tA'5tC^„ TopBP2{±392r5yKb6^'i^.|. 
'H^fi4 4.336cO:J'>'>'N-^ WT'?) 0 . V t, i n v i t r o T' 



±iac7)iii|igsa (TopoII >5itfK7-) 5:pEG202tC^a-- 
[00351 -:>V^T\ M^^i^ (v-Xv^i^) ^-mv^TP 
>'N"f -y Kv'^T-A (two-hybrid system) Srflffl-^ 

mmii.S. cerevisiae EGY48 t^i; LT. #McO 
S^i:^^m-r^C:h:^)>T-^^:^?^'. S. cerevisiaeEGY48^ 

PSH18-34. PSH18-8. pSH18-3^i: ^Mffl-T^^tA^'T^ 
pSH18-34$'f£ffl^-S>^i:*^^tff^LV^. ff^^ 

U 2%c7)D-;ir^^ h— X. 6. 7j?/LcOyeast nitrogen ba 



se. 0. 6s/L<7)dropout powder ^-^OtSffi (i^JlT.- 



?'J#^1. 2iJj;t/4(c^-r. 

[00 31] TopBPlJoJ;t/TopBP2tCOV*rBLAST (basic 
local alignment search tool ) €^fflV^r^^^i/'-^^ffiAi; ) SrfflV^T. BmiE^i*:$rMJR-ri.. ^^J'-- 
5:^T-?fc^;lr, TopBPl*^:. Rad4. Cut5. Ect2. RevliDj;o— >-$:i: 0. h^-^ y;<5— I /3*&&vS1S2r^r-ri) 
t>KRCCUc:#^fL*M«£(ClS[il:5r8-:><?5^igit5j;V;Ky ^MSr-S-tf^cOcDNA^a-y (prey) TSJSCliX^ff^ 

(ADP-';-1f-X) --KUp<7— b'coeefigiiSgBljltffllsi^ ^S^UT-e^O^^^SMS-r-?). :s:^^^1^2r^r> 

®:^S:^-rSC:i:*^^$n, TopBP2{iffl[a^HTOH ZttZX'^ . \>Y.&35-l<7:)-^u—y^m>^ttpX'^h\ 

^(circadian clock regulated iactor)X'$>hy ■t'y 10037 \ ^LCOXoiiZl-X . ^htlfzC^^—ytt^'h 
-y{noctnrn\n)<,Z-^^iXhmmtmm^^^^:it 

[00 3 2] ^fz. TopBP2tCfcV>T{i. TSyS^^S? 
-392 (iB9iJ#-^l ) {ZMm-th^1^. h;K^V^5 
— fe'II/Siig^/gtiSr^rr-l., icr)J;^^vS145-^-?.^ 

yf'^^mt. mm. jtfE^i^e^r^atc j; o . 

cOi; -3 L-Cm^, WSt--?.^i:*i-C'S-i.. bhTopBP2 
[0033] S-t^, Be<Ji:-r.|.TopoI I /3 cOitfE^Bff^ 

«itCiJV>r<±, i§Si: Lt"#M<^DNA5rfflV^i.C:t*^'f 
bh^*>/iim$n/ccDNA2rflEffl-r-g.„ 7°^^ 
-^-tUTti, ^Rtf, ie?iJS-^8fcJ:lf9tci^c7)iS 
SiS^iJ5r^*t<7)2-fflv>§. dcOtSOiiiPiWi. 94 
"C. 1-5^-, SS'C, 1.5-5)-, 72'C3-»-$rl-9-^;J';l^i: LT3 
0I5Ifi=v\ mt::72'C-C'10'})-JHEB$-li:.& t v^oT^^:^*^ 

C 0 0 3 4 ] C: CO J;i9 LT ff/ciillM^uS: , M^^r 



^tlc J: oT;*^.?. t ti^X"^ S » 
[0038] mit7)J;-3tcLT. mHzil^im^,z5v^\L 
Nc73h;lt>f y^5— ySfct h«TopBP2$:t#SC:i:*-' 
•C-#-?>„ ^Ac. TopBPlt,TopBP2i:l3I«tc:LT#-&ii:*^' 
•C# I. „ 2|s:5gB^TopBP2 h h;K-f ^— fe'I I 
^^m-thW^cox-^ U TlficOi: 0 X'h 

-thmmt. mmi^zmmt-fz^mmx'-^ h hc^x-f^mt 
ttsrjgsi: vx . wmsmmi'^h Z b . ±iB 
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[0040] *^flc7)X:7 V-^>^-}Tmi,Zi5\,^X 

9— b'l I h h;K-< y ^ 7— fe'I I tc^-r-S^SttS: 
^l.^'yvN'i^W (TopoBP) i:cO]^±. ±ia<7)^^f*c$r 

(i, Ui^g?>'S-y7r-, U>'^Sf±a:ftiS7k (PB 
S) , y\y:^:^<yyr— (HBSS) ^i:cO#^«?S$: 

(DMSO) . x^J'y— ;p;3ri:c7)^?W 

lE8#^{i. ^J;ia; 5~120-i^^i:-r.SC:fc*>«f^L 

[004 13 mui. '^■^^mmim.'y^ -t- h v-x 
mm\,zm^?ri-h » 1 2 . s fginsgco^jga? ( ^ y 

, 2 . 5 MBm<7 y A 2 //L . 25mMi^-e:/'jf->"!7 
A, [35S);^^^::iy (43TBq/niinol . 2.9MBq)4//L, 
RNA. 20AtL<7)>>-9-^M^^JfllfiR5^-«r— h€r:^* 

l)„ TopBPl tL<{iTopBP2i;^';l^^f-jJ-y(GST) fccTJlt 



v-MJl (Aflatoxin Gl ) . T Hl^yX7^a>'(Adrenoste 
rone), ^/W^j-l^-fe-f >'5rh'5:^f SCl 
[0044] ^mm:i^^iM^ts:A\L^h \t. ' H , 

[0045] h;K-f 7— fe'I I tlMicoit-^bff^ 



t. m-^tim'^^zwm^ix^t\'^om^^hh. h 

;K-f I t±MZ<7>it-mit^^m^LX^^ti 

5fe&&<7) yp< 5— til I J:t>'_hiH-ft-^i:-«-lit^ 
[0046] I :5'>^t^^H*&&vS142rWt-|.ffl«s i {i. 



(25//L) $:20mM Tris-HCl (pH7. 7) , lOOmM NaCK 
EDTA. 0. 5% NonidetP40m?tL. ±iSc0^^15x« K$-ti:-CffML7t:^«-^€r5t^^t^SiJ-e# 1. 4><7)-e 

OmM Tris-HCl (pH7.7) , lOOmM NaCK ImM EDT A, 0. 5/Un—X^>'7'W, Qy^yTl^y^fc'SrW^ 



Nonidet P40-C'5I5]ac?f^-ri)» :?^;P^'^:tV-fe7 r D— 
XH'5)-5:;Ky T:? y^UTS HmmiSL, e6«L7t h'-K 
■^V^y—ifll^mai'tlZtliZX'O. TopII /3(C^-& 

[0042] mmTy^TX'^^tifz y^ 7- 

-b'll tTopoBPtcTj^t^Wi. mtf, mTtT) J: ^ ^tr^ 
■r-11^SC:fc**T'SS„ TopoBP^. iH. 

^(omcTym^tmx'mmL. h.-K-f y^9— tfiit 

^L.-CV^=2rV^TopBP5:m^i:lcJ:-:>TI^^, 
2: C: i: i}^X^ h . S^^KItft 

'^<r>^\,z\,i'mm\h^^ mx^xt^^ox^^z. 

[0043] S5t*?^fltOX:7y-:::y^^:S^T-{i, h 

^^■ti-, zzx'mm.^tirzn^^::!^yy^i^'sm^im 



mz. i$'y^'^^w^im^^'ti>mFF^(m.i>^^mi^ 
^r^ts^ma'piizmmmx.i.ijm^. :^yMzmbx 
zzi,zm^^-^t5msmm:mt-nm^j:if . ^WTynm 
^mmthzbifiX'-^h, 

[0047] %mQinfz^F^<r)it-^\t. ^ Ltz'it 

vvmin^. mm^iii^b'^m\>^xmtii-t^. mx. 

it. C:<7)J:9^^l:-^i: LfAf latoxin Gl^m^Vz^ 
tC;{S362niii, Adrenosterone $:fflV>7t^fc{i235niDX-^ 

ieM^m^hzbi,zj:n. mmm.fpcDiop^PiSi'y^-^ 
^wi,z^'thWM^^Mm^fzi:immi,zmiii'r^ z 

Zbl.zX'O. ±ISi: ^\,zmL-th Z b t^X't h „ 
[004 S\t.rz^ V^ii^ y 7— fefl I -TopBP ^'y.'N-;? 

--yiT-thZb ifiX^ : T o p B P ^' yy Wi: 

Y-yii^ vj( y—^b ^mm^'txm—m-^^m^^ 
•ti-, mzz<7m—n-^b'mmjKcmsLx^^ hiv^^ 
■thiv±/mbimm^^xmzM.-^^mL^^. ^y 



\ 
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[0049] TopBP t h7i^^ ^— t ^^^^-^X 

zzxi^m't^^^mm^j:m.iR:^^i:^ hJi^^^-T 

[00503 ov^r. mzM-^^. nmmi^zi^y^^ 
:^m^im^^^^m^^m^^x^^(^t'^t» 

=7-'^-TopB?n^iz^^'r^^t^^:^i^ y^-y 

[005 1] ^hlz. *^^cOTopBP:^yyN°^«$:fflV^ 
X. h;it-f y;<^— tf-TopBP^>'>'N°^^'^tCfc(t 

y^^h^Ztt^X'^h. '^t>ib. TopBP r^WN'i^Wh 

-yr. zcom—m-^tit'^b^^^'^xmzM^ 

5rff^^^-fr. -:>\^-^X^ZM^conmmi,zi5iifhh^^ 
V:<^-^coiSii^^lh^^^bt,zJ:n. hyf^-fV?<^ 
~^-lopBPi^yj^i:^wm^(^zt5{fhh7i^'<V?<y- 
^rvSli^SW-r^^L-^S-X^ V-ziy^'t^Zt'f^'^X' 
TopBP^^-yN'^WiihTi^-f y^^-- t:i:S:JKJ^?$ 

-^xm-m^i:nm$'t^^. iDjiX/zcDm-m-^ 
i^t^t-^b ^Rm^-txmzM^^mf&^^h^ 
{iiMRbmmxhh. 

[0052] z<Dxi^ y- - y^r^s^tzi^i^T. mrm 
(i. aTcoxdizLxnd. ^t>^. mo^-mi^ccT) 

-i:3l^^SWDNAi:^fflV^T5'-'120 ^J^raKtB^-a:. 

i:^cOJ:^tcLT. h;K-f y^^— fe'-TopBP^ 

[0053] l^cr^i.o\iZ\^XWz\opB?^yn9'^b 
h4^^y;><^— fe^hcO^^rffiW-rS-ft-^. TopBP^ 

yn^mzm-^^h^y^^^m.. TopBP^^y>'N'^W-h 
9yf^9m.- y;><^— bflt'^t^i^tt^ h^-f y 
mk(ry^\iz^^h^X^h^bti-h. W^^m^^ 

\t\:j^b^hmmn^nmm^^^hmm.<^^ 
<r>m\b v.x^mth :z b ti^x^ h . 

[0054] 



\mm\\ iMT. mmWiZX'^^mmimmtzimr^h 

k^mW ) TopBPlc7)^feJ;tm^ 

( 1 ) y^x^vcoi^ 

t h h;K^y;^^— tfl I >3ilf5^cOC-^t^SSISlg42'PCRT- 

uick-clone. C 1 ontech ) ^-^ffl L/::. T^^V— fcLT 
{i:. ie?fJS^8ioJ;V9tCiBM<7). 5' -GGATCCGGTCAAAGA 
AAGATTTGATTCAAATG-3' (ia^fJS-^S) b. 5'-GATTTGTTG 
AAAAATGTTTGTGCTC-3' (ia?lJS^9 ) h ^fflV^/;:. K^IJ 

tCf^^ hjK-f y p< ^— If l I ;3 5 y^^i , 
143-1. 62UCMli5'r-g)^feSd^. pEG202c7)BaniHI -Xhol ^{5 
i^Z^XJ—ZLy^'t^ lexA^{^5^'r'g)PK835 (^-^ b (bai 

[0055] ( 2 ) PSiPo^y-^N^ ^^y '7 v^i^x^j:. 

(two-hybrid system) 

^0^(±. >'WS-F^E^gB<Z)Ro^er Brenttf±j: 

nmhtifzhcox^^. :^:^V-zzy^lt^ \:iTcoX-D 

f^zn-^fz. y7K-:^-Sf^TJ)-S)PSH18-34{i. R^oger 
Brenttll± (Harvard Medical School Boston, Hk) 
X^Lfz {Jen Gyuris et al.. Cell. 75:791-803(199 
3) ) . 

[0056] PSfcLTfi:. S. cerevisiae EGY4:8 5:. 
30^acT. bX'f'£/y^^(His- ) . hyrhyr>^^- 
:^(Trp-) c^y^f&AimV^Xm&^mL.- mm^\BilRlJ^X 

z2-x^^^'ri>mm^mmx'W^Lfz. oDffi^2B#r0i 

mifZ^-yX (Ausubel/b. 1987—1993 ) . ±ia^O'J;o(C 
mm^^fzS. cerevisiae EGY48$:. ±ia<7)pSH 18-34 

( y.-K-^-) ^±is ( 1 ) x^mLfzpKS35 bTmm 

^^MLfz. 

[0 0 57] OV^-C. HeLa<7)cDNA^'<y^y— (Jen Gy 
uris, et al.. Cell. 75:791-803(1993) . Roger Bre 
t1ll± (Harvard Medical School Boston. MA)J:OA 

#) ^mmmmzmxLfz. 2%T;^''u-x^^tr& 
msMA^. 30''CT2BmsmLfz. 2Bm. urv:^ 

i^iO. PSH18-34. pK835iDj:t^*cDNAr^X5F€'#0 
S^jlO^flic^^Ste^^^n— o-f i/V^^. 5-7-a^- 
4-^nu-3--f y-hMyi^^S-D-;*-^^ hb'^yi/F (X-;?a 
1 ) iDj:OT-;^r^:::^h->?.€:-^0±^ilLiit:\ 30rT-7B 

[00 58] h;K^yp<^— tril yS^'&vSI^^W^^IS 
l^^^O^OcDNA^O— y(prey) pSH18-34 i:pK8 
35^:$:^'I)EGY48 (iUT. EGY48 (pSH18-34 . pK835) h 
V^o ) ^SiSff^BSatL. ^c7>^^$:iiigLfc. He 
La«CO^cDNA ^-f 7*^ y-*^J^^#^iX/c>3 
hi^^"-tf^^n-y^f4sc?:*!;30% (9.6xi06McO?fi 
li:c0^a->') ^r^^tc-W-flfLTt. /::;^ilo<7)^o->' 

^^fm^(^zmn^tifz^y^^i:^m-i$^y^'^i^m^K 



(8) 
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W^tfZ^^^Xii^ Marathon-ready cDNA^-yh (Clontec 
h^tl^) $rfflV^TDNAffic03' -RACE (the 3'-rapid amplifi 
cation on cDNA ends ) i^lZji-^X^'^Lfz. 

[0060] -r^t^-h. hiznmcoHeiaimm^^ 



f^m^ffkLfz. ZCOl^n—y mi B. prey ) (ib;K-f 

v^y~^i I /9I I ^y^^^'Scoc-^^mkm-T^ 

^COm^i^i^nX-h^ (Nomura. EMBL:^#^87 
448 ) . Z<7)^y^^i^Wi:TopB?lt^^Lfz ( h^^^ V 

[0059] ( 3 ) DNAlE^iJcT)?^^ 
TopBPlcODNAga^iM. AppI ied Bi osystemsiiM^Pr i sm V— (p55-18 ) 

5' -GCTTCAAACGCCTTCTTCAGTCAGGAGGAGC-3' (le^OS-^-lO ) 
i:APir^^V-i:&fflV^T. mim<7)?CR^n-yfz. Z 9) 
ix^mit LTWTcOlfi^iJ$:*'^-?>r^^V- (p55-1 

5' -TAATATAGCAGAAGCTGCTGCCCAGAACGTG-3' (ie^(J^-^ll ) 
tkPZy^^^-t^m^^XmOOO CO^COPCR^^^-:>fz. a, Clontech) ^mmUfz. ^-/hffZnmcOWelaii 

[0061] mh^\^^mRn^(D5' ^^m'm.'ti>irzi!bi,z. 3fec0^cDNA$:f^L. TfE^Offi^iJSrW'r^M^^ 

aT<^3mS.<^^^^^nr>fz. S^— CO^tC{±. HeLaSa SlJ^r^-fV- (p55-16) 

m/)^^^M'm^nfzcDHki,ZX^5'RkCEm{HarathoncDH 

5'-AGGTGATCAAAGACAACGCCACTAAAAGGG-3' {m¥m^l2 ) 

^APir^>fv-i:$:fflv^T. SI KUcOPCR^r^f Z 0) 
fLSri^i: LTlUTcoi2^iJ?-^-g>T^-rv- (p55-2 

5' -TTCTGAACTCGTTGGAGCCTCGGGGTCTCC-3' (iE?JJ#-^13 ) 



i: A P 2 r ^ >f V- h ffl V 2 IIlC0^»^<7)P C R ^^T-^ „ 
J: -:>XmmifZi=k'^'$ilfzZcr)5 ' ^m±. "r- 
^ K—X<7mm (EMBLD87448) 4^cOiE?iJ 1 1 m\^—X$> o 

6JMS (5'-GGCGCC-3' ) m\^i><^Xh->fz. 

[0062] m~<7^mxii. 1 mwmm(^zj:-:^xy^'s 

^^RNAiri^U. ^^y>'^"^'Wi:RNA^^M^*W (degrade 

r) ^mm^mm(>zm^mnT^ztf^zx->x. weim 

mi^Zlitr^j^'^X h UX ^MAmiZ L.:^c(FastTrack. 
Invitoj?en). mE.comkXl±. B^i5l^RNA5:iIffl L 

fz. m~(^y^mm. z<^^n^xhR^cE^mlfZi6\.^x x 

[006 33 lopBPlcom:±(7}mwmf)^hcr>t^m)nki5X 
X/T^ymim^m2Al^Z9RLfz. mRNAA^f^^-?)^ 
fzMZm R N A C7)5 ' ^t^^ h ^Z^\ ^t^^ t LiX^ V ^ t V ^ ^ ^ 

^TT o P B P 1 <;03 ' fii^5:#t^:^^i: o A\ J: V^^tx. h <^ 

mm^^^-y^m^Lfz. ^m^^^-y<^m^\^zwmL 

fzUWmm\i. EcoRIT-SS-S. TopBPlc7)3'-^feS*^^>mM 

^fWz5mcn>^u—y\m\:.um^^9-y^^Lfz. m 
[0064] hbcr>^u-ytm—m'mmi. mii^ 

rz\bm<^9u-yxmW^hiXtcf^^-:>fz. 3'RACE?£<7^ 

^^i>it^LT. htco^u-yayi' mmir^^i—^j: 

y-x^^^ fziiAi:miz± tfz i> cox^ hhnx^hti 

fz. ^tc7)>:'o^vtc:(±3'I^MlR^tCniRNA^^^'fl:^ 
^-y^^\i^Zttm^t^\iZKc^ ^ CimcioTmRNAcT)^ 

t^X^hZttf^^^tWz. 12-lr>y bcOmRNA^^^-ft.^^ 

-:7 i: 2o^ott^t^^£'ft;>'^'^;Ui: $-'&t^^:^v 

^{±. 1.522 r^ym^^:n-YL.X^^fz {"rFfm. 



170,670 ) „ 

[0065] (4 ) TopBPlcOie^[Jhfi{lc7)^y>'N°^Wc7)iS 

S:45cWa-;i?;Pr^^^>'ht^^y-;P (basic local 
alignment search tool, BLAST, Stephen F. Altschul 
etal.. J. Mol. Biol. 215 : 403-4140 (1990) ) ^fflV^ 

T . T o p B p 1 mm ^mcot^ y^ -^^w^mm t 
xx]±mLfz. 

[0066] m^^mSi^Z^KT. [33 AW±. ^^tlfz 

9yj^9'mt'\op%?\t(r>r^ym^t<7^T'y^ }<yv 



m ( S/Th L<{iK/R/Ht L<(i:E/'D^/::{iN 
/Q) Srm^'n^t-. zjy^y^x'mm. i^tm 
-^fz\t50%\:X}LmULX\^'^h^\^Z. ^$:o(tT^L 

[00673 133 TopBPl. Rad4/Cut5. Revl. 

Ect2^xmRzz\^mm[z^Ltz. ^^nLfzn\H 
crmm±. m3A\izm^Lfz^9y^^^mzn^t\fzt^ 
->zp^cm^{ztimthhcr>xhh. wn<^9yj^i^m^ 

vm^m\^z5^i.fz. RBv\mwkmm.9y^'<9Wc^h\iBu 
^hmmrmm:-^^. Ectiwh^^js^'^p-^^y^^^ 
^c7)G TP- ^m^iizmmmmi^ts. 

[0 068] mSA^XUSBX^LfziidliZ. TopBPI 

\mm^ixfz\> N A mcmmzm^-^h w:>t>^^ w ^9 

-afW^Wi. Revl. Rad4/Cut5. XRCCl. ^Xmctl 

ttmht^iiZ^j:->fz. zzx\ RevKs. dHmmmm^ 

R^^^^y^^^mtmmiiXumimzX'oxmm 
^ixrz\>w^^\mn.'thmm:'^L. s-mcr^imiizsm 



■ p 



(Saka, Y.. and Yanagida, M. . Cell 74:383 

(1993) ) . xRccii^yj^^wimMmfmi5Xx/r/i'^ 
Mmwwm $ ivTzmcoimcoimmzm^^h . e c 1 2 

[0069 ] TopEPima64:^y^^^'^comii^XX/m2 

^Lx^^fz. iopB?icomit5Xx/m2mmii^fz. xrc 
mi^zm^^h-^m&^h^^^zti^^^tifz. topb 

^r^aycoX^f,zm^6:/)^i:> LtVO:^\ 
[007 0] Revl:$^yy\°^W(4>'N'::?^T-Ur<?DUmucC DNA 

Gly-193«^^^iX/:!Gly^ mSA) l^znmt 

ict2rxih:^yziiP-y(m~^^m\i. V'yy:^ 

fz. Ect2{i. im^m^iPi^^^y^^^mcryGip-mm 
"^{zmmrmm^^ts. 

1001 i^m3C{z^^ixtzmm\i. (adp-u;^' 

-X) ;Ky;>^^— If (PARP ) (D^^ (ADP- itU 
mzmmXM. ;KU (ADP-U^^V;!^) 'fWcj:oTS^ 

(^m^y^^^'^^m^L. mkcomm^mm-rh. zlo 

LX. TopBPlfijKU (ADP-y.i^-;^) tKU^^— b: (PA 

RP) <^^thnhmm.^^m%h. mx.x. ^i^wmt 

PkYiPo^i^y^y ^y:^'-^^-y^^^Kc\^ffi. DNAS 

y^hzm^mmmtifz. 

[00 7 2] Rad4«Cut5tl«ltT-^)'9. S^cO^i: S 
^O^TMi^MKBOffllMcOHatCie:^^?) hilt ifiTik^fl 
TfcO. THLirSy^^iJ^^MRCCmm— ^^%ad 

^^mx'mS:-^rL^zkt^m^^tix\^i>. iopbpu± 

a h :t y 3 -j-y<m-^^^^mo V y y-y-i^ 3 y\i^ 
<^Yvy:7.y^-^y^W&.^vm^h. mA^fd-dZn 

1 5 / R a d 4 (m,~^m<i^^- yf^zx^k^ izn<7m^^ 
^t^zk^:b^^^n. z<7)zkii. TopBPii^msmm 

^m§SLX\^^i>Zk^^Lfz. Reyl:^yj^:^Wit^'^^ 

T^UToumuc DHA^:$^ y^^^wk^m^j:mm^^t^. 

m-mmt,Zi6i,f^Reyl^y^^l7ncom^^m{Gly-193 
^>ihAr^^) li^lZj^-oXm^^tlhhCOX^^. Gly 
-193l,im^^tlfzG\y^t,zm^^^h msA) „ 
[00 73] Cut5<Dm^'im. S. pombetCi3(t^ hTK-^ 

v^y-^ii i^y^^i^wco^tii^zmiPi'th. zcozk 

ii. lopBPU^hTi^^V^y—^kmm^m^^k^^d^ 

mzm^^^. cut5<7MW,^rifzm--mmi:iG2mxMm 
mm^rvi-/i:^^6zk^'^^^tiyz. TopEPicom^UDLT 
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-ii. Ect2ru hy^yai^^-yX 0 hCut5i,zJ: nmMLX 

Z(D::kmopEPit^wmco^jiyi:^^-^yhxjE 
comm^m\ Mmco=^i'-^</)mi^tx^comm^^<f 
-^xi^^:ik^^Lfz. mnj^Lmmii^m^y^^^m 
(c^^L. ztuhcomm^^^^^zkfjn^^^. 

[0074] TopBPlcOflilO^ii^ti:. .-KU (ADP-'J;t:— 

X) Ti^v^y—^com^ (ADP- OTni^/i^) ^t^mzi(Qm 
xhn. Tt^v {ADP-UTT^zy/u) mzj:^xm^com^y 
^^^m^mmL. MAcDm^^mss-th. c:^ lt. top 

BPKi. ^^'U (AdP-UTT^-X) 7^U;^y~\f (PARP) CO 

^x.^tih^kKcTi%hfzi!b. MAcoimmzm^^h 

Zk'/)^^^tlX^^i>. 

[0075] TopBPlCOmRNA«12{@^7)AUUUA^^— y ^^i" 

L. fflRNA±T\^^^tt^ft^^-l>. y-^^yyuyh 

TopEPim^co^-vy^^^-^i^-yt^^^tifz. lo 

pBPl c7)mRNA«|^^tc:fS^'^ 0 . ClcO^ fcfimRNAcO 1 
KP^S$r < ^T -9 ThI^C^^H e L a MMf^z ^^yj ^9 

m.km^s^%^\^mmv<i.fzk%\z. my/^^yy 

a V%mX:Wm:'r- U yyn^-yif^^txfz:^ k 

\izi.h {^-m^.i.x\^tc\^) . 

[0 07 6] (5) lJ-&^y>'N'^«cOM^ - . , 
yA yy ^}—^X'^(ni^^'^}V^H^i.hpY^^3'^-\(^'^^ 
Amm:. PGEX-5X-1 {y r)V^yT%m,) <7)EcoRI-XhoI 
SP{5t3:^n--y^L. pK835-55G^^S^L7t.-^Vl-:^ 

^:^vs-h^y;:^>^x^— if (GST ) m^^y^-^^m. 

^M^^-^-g./^lWC. E.coli JM83^0.34mMc?^>fy7''a 
^^JV-B-'O-^^fSy^V^^yJiy'f (IPTG)<;d^ 
TtCLyDX4J"C. 37^CfcT3B#ratS!^L:^v:. ^\^X\ 
mil.fzmmk. \<^\s.%<7yy^:z.)Vy^^y7.)Vyi^:^-—V 

KS:#O10raMc7)^^i^xys;'y:7r— (lOmM^hU 
;<-HCl (pHT.T) . 0.5McONaCl ) ^XV::z^—V\^fz. 

(0. 1—1. 5mL ) ^^)V^^:^y^yru 
— Xb— X (50%X^»j— CO20//L. Pharmacia ) kkh 

\iZ^y^:i,^—V\^fz. ov^T\ b-X$:?gp/N''y:7r 

-TSlHiaSf L7t. 5/zL<;05mMc7)^;l^^^^;tV (GS 
H) . 10mM<7)hyx-HCl (pH7.7) ^rdOb-XtC^P 
5^-f y^^^-hL/::„ 10>wLc7)^r7i^n-T-V 

?^K5ii7t. ^>'>'N°^W5r5'-20%<7);5'-^v^x 

y h4^y '))VT^ Yyjvmmmx'm'ufz. 

[0077] (6) in vitroT^y-b-Y 
bbh^^^fV^^-r^fll^SSfK^^OEcoRI (^-^^L 
/::) -XhoIK!T>T-i7)C-?|^^i^^. cap^^^iSc^^li^x^^N 
y^— (translational enhancer) ^W^^h^ pCITE 
2a( + ) (Novagen^l^) COEcoR I -Xho I ^{iltz^n— — y^* 
L. pK853$r*^L/::- in v i trocOic^i. efi^f^T- 
c7)3'^I^Sfg3lf^5rXhoIT'iiJI'ftL7tpK85^ K 
Wft (Prome^ali^) cOfigHf$^H^(Cfievv T7 RNAtKU 

\ 



(1 



-< hS/X'f'A (reticulocyte lysate syste 

m. Amersham^h^) tCT. I ^^S I ;><^>j-->' (43TBq/mni 
ol, 2.9MBq ) C0^T(C. 2//Lc7)iK^^^17tRNA^fflV^ 

-^^yj^^m^. mw^^/yr- (20mM h 'J;^-HC1 (pH 

7.7), lOOmMcONaCl. lmM<7)EDTA. 0 . 5%cONon i det P 

[0078] ( 7 ) y-^f >'rn^y h-W-tFr 
V/l/^T^-f ADNAS/Xt-A (Amersham) ^fflV^T. I 

(Clontech ) tCMS^DL. ^jt7t:<7)firaift0H 

SictflfomvtL/::. y>y^y?rFUJix bas 2ooo-fy 
[0079] »f>ynv h'ftmzxn. n^^ym 

^ (S4B) i:(i*r^6^TopBP2S^^cO'f— Uy^* 
>^N'^^— y^O^^^^n/c ((34 3) . TopBP2c7)mRNA{i. mRNA 
±T'C0^^^14$:^L. mRNA^^^M-r^^ii^:^*^. 
12-b^y hCOAUUUA^:^— :7 ([a2A) $^>tc. 

J; 0®V^mRNA{i:SiJc7)Xr^>f S/y^tCj:-oTM^$fL 
TopBPlc7)mRNA{i:5iV^XM^;:^tCj:-:)T^$fL. b 

TopBPI^I^^ 
(i:. mO:6]y^UX'm^Lfz^A\:.hcrmm<7)^<<D^ 

Tf^t (134 A) . J:O^S=:irlK^ OlO^o^- 

mii. 4.4^.5kbT-3S'9. R^CEmi,zJ:-oX^k^^tlfz\{e 
L a lfflMci3(t^S^c7)iS3p^( 5 . 3 k b ) co^f Xfc L 

[0080] (8)TopBP10in vi troT'cT) h^^'-f Vy ^ 
h^VXyx^— (GST ) -TopBPll^'^:5^W^°^W$:E. 

mmLfz. za)\z:'-x^^iomihLfz:^yy'<i^w^m5A 
mm^mmMm^^m^^x in vitro-c-^BKLTt. cicot- 

B). h.-K>ryy^— tfii /Scoc-^i^ffi^iSJi. topbpi^ 

nma^zi^m^mLfz {\y-y2 ) . 

^ [0081] hTK-f yy^— Ifll >3C0C-7t^^JS«. To 

pBPi ^^^t^ffisf^ffl-r-s. m^^mm\^ (o. 042 

%) C:cOMf^(iTopBPl*3j;t/gy(7)h.-K>f yy^-'fe'I 
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I^^>'>'N'^WT'?>'l)Sj?sl (Watt, P.M.. Louis, E. 

J., Borts. R.H., and Hickson,I.D. (1995) Cell 81: 

53-260 ) tci3v^T€i^?ix7t. mnx\ ^ywN-fry 

h^fz. in vitroicio(t-g)^-^^E.coliPtiT'^Sc$il/:: 

hTK-f yy tfi 1 0<^z-^^mmmLXwm^ti^j:^^t 

C 0 0 8 2 ] »>x;U-^-5E1^1¥co®f^fc J;t/X;l^A 

V^§::h;^?^^fl^b*HC^o7t:(Kurosaki . T., et al., J. 

Biol. Chem. 262: 15990-15997(1987) and Lehmann. A 

R. Nucleic Acids Res. 21 ( 1993) ) CI i:{±. ii-^^^CS 

s^msb^:itk^j:'ofz. ^e^h;K-f yy^-Hfim 

-^^ W N'^Wr-^ -^S ^ s 1 1 ^ 5^cD N A ^ U b'T^ 0 ( W 

att, P.M.. et aU Cell 81: 253-260 ( 1995) ). -^^O/:: 

^ . h y y 5^ — t: 1 1 h ^ntcfflSf^ffl-r ^ ^ 

S^f5iil5:m:^c^C:t;e)^*T-§=-g). TopBPKi^U;^?— ^' 

h^K-f yy ^— fei I m^i^yj^i^m^m^xxm^^ 

^Zkt^iZ^T^h. Wmz. TopBPl{iSiK^Jc?)^M 
[0 083] (^i^J2 ) TopBP2c7)-^i3J:t/Mi^ 

TopBP2c0^t::ii:. mm\iTmmLfzy'^:^^}^tm 

m(7yi,(7)^i^mLfz. 

( 1 ) P^c7:>^y— >'Wr»J Hv-Xt-A (two-hybrid s 
ystem ) 

HeLaCOcDNA^^-fr^U-^. pSH18-34 (V^-l^ 
-) tpK835 (VN'-f h) t^m^^Xm^^m^LfzEGYAS^ 
(fZmXLfz. 2Bm. PSH18-34. pK835i3j:lfcDNA7'^ 

x$ Kfc?r#tf*^7l07{Ei7)3fcerco^n— y$:. n^fv-y 
5-Xn^-4-^nn-3--f y hM^^/S-D-;*"^^ b 

[0 084] bbh;K-f yyy— bll >5^C-*ffi^l^h 

i^m^m't^^y^^i^wi:mn!^^hfzMz (lai a) . 

R.Erentn±iSj:U^<^mW^I^Zj:->XW^$tlfz'y- 
J\^y V Hv-Xv^ASrffl^.^/::. HeLaSEBS^cDNA^^ 

f^0% (9.6xi06fE<:7)Mfi:<7)yn— y) ^-^f^tc-^^^fL 

mmz^ TopBPiMA* (131 B) t^^mmi^zm^^ 
ixrz'5^y^'^9'm-9y^'^'7W?SK^m^^Lfz. 

(i. in v\tro\iZi6\fhm^T-/^^^X^Sim^(r>^ 
oT. ^^=5:i^'^^'y>'^':^W*Mn virtroT^y^'N'^W- 

^y^^^mmi^m^^Ltz. yy ^— ifi i em 

yj'<:^W2lzr>\^X 1$^ y^^^m opE?2 t-^^Lfz 



(11) 
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([31 c) . ^momcoi^ x=i—y ^izit. topbpzct)^!^ 

^^(i. ^y-v'WrU vF-i^^ (A) tCioT. 1,143 — 
1 , 272?SS (iB^iJ#^7 ) tci?^^>n/c. 

[0 08 5] {2) ^n^c^mmm'^ 



[0 088] (5) TopE?2commcrmpm.com^ 



m^^ti-':^;UTy'^ ^^yhimy-^i^ (basic local 
DNAcOlB^iUi. Appl ied B i osystemsajg^Pr 1 sm 310 i-'-al i ^:nment search tool, BLAST ) $rfflV^T. -r*—^^— 
yy^^^m^^X'^->fz. TopBP23if5^5'MfeS2r. 5' TopBP2mm^mcOi^y^^i:^WtaMLfz. msA 

RACE (the 5'-rapid amplification on cDNA ends tC^-TJ: TopBP2{i:MB5#ftS(lfflH^ (c i read i an 
(Clontech, Marathon-ready cDNA ) tCj; clock-regulated f actor ) TJS^noc turn i nc7)fi^i:ffl 



fz. TopBP2c7)cDNAc05'- ^h^fz. RACE?£tCj: oT?^ 

^h. ^92r^ymW^ (^^fi44,336 ) 5rn-HLT 

[0 086] ( 3 ) il^^>'>'N*^WcOM^ 
^ ^ r ^ U -^-CmttcO i/^-^;l/?r -S.pK835-1<7)cDN 
A^@JS5:. PGEX-5X-1 ( 7 r/I^VS/T^t^) cOEcoRI-XhoI 
mmz9u-:::^yVL. pK835-1B1 ^tf^LTt. 



f^:tys-h^vx:7x^— if (GST ) m^^y^'^'^ 

^m^^'^hfz^liZ. pKSBS-lBl^rffi^^-^SE.coli JM83 
5:0.34mMO-^yTo bVI/- yS - D - h b*^ ^ y 
i^H (IPTG) c7>:i?ffiTtCLrux43T\ 37*ac-r3B#ra 
mmi.fz. IlIiKL/::fHSa$rlOmMc7)^>r i/X^'N^y 

^r— (lOmMObUX-HCl (pH7.7 ) . 0. 5McONaCl ) ^ 
T'y^^r-hL;^^„ fgMa(0.1— 1.5mL) 2::;^* 

yu^-^^t y-fe:7 r u—x t:— xi: h t \iZA y^ b 

5/^L^5ffiMcO:r';l^^^:+>^ (GSH ) . lOmM^hU 
>;-HCl (pH7.7 ) S-ClcOb— X(c:gsSDL. 5^-f 

Htf^vryUdSajDL. ^VXS'^m^^'^z. r>\^ 
X\ ^y^^i^m^5--20%COl^yi^:^yh:it^VTl^Vfl' 

v^y/mmMmT^^mLfz. 

[0087] (4) in vitroT-y-fe^ 
bhh;K'f y;^^— *fll /SiifK^^EcoRI (^^ML 
/t) -XhoIBT>MrcOC-7R^JS5:. cap independent transTS^^tl^. TopBP20mRNA(i— ^COB#^cOSiSf^tCb 
lational enhancer ^ffi^JTS. pCI TE-2a ( + ) ( Novaser . nmiZ^^^XhUXi^Zj:-^X 

d^^xhuxi,mmm^^ifZi5ifi> h^-^ y^^— b'l i 

oTV^-S^hSr^ii:. TopBP2BffillK^{i:. fiScAb 



nKcWS^^^^h. nocturninc7)^ig{i:|nl^3nTV-i?^ 

9y^^':^'&-^y^'<9wm.f^m'ki):LxmmT 

[0089 ] TopBP2(i:. b hTT^'y^^yPXCODNATt^ 

:$^yj^i:^mcommtmm^j:mm^^^h. -^9y)^9 

«(±DNA&?mt--S)^(::*^^g1S'^T1S^LT*30. ^ 
>r ;PXD N A co:i^tct3 V ^TM ^ *V)fS:fJJ V ^ ^ 

^ TtrD N A -y ^ ^{a ^m^x^tc-md-z ^vmf^'^ 

[0 09 0] TopBPl(±Rad4/Cut5. XRCCl ^y>'N"^W^1S 
f5l=S:80(7«"9igLfi^$:^L. ^Hg^Dctt^mSIJ^t 
^cOHSj|*CCJ;-g>DNAcO^IW5:mt-r^. WH^^V^^fc-- 

i^v^T-T&ffi^^OfSWSroKi*. TopBPl{ih;K>f y;^^^- - 
-bl I OWSraEO^m::J:oT^[:-&DNAMc0i[gM3^ 
4-Ut'g>^i:3^?^M?p$a'g.« Cut5^^WN'^WOW^t3j: 
oT. TopBPl^^^^^f-x^y^^r-f ^^bSrjEi?^:^!^]^^^!! 

i^mzm^ Lx zti^cDmm^^^h z t f)^x^^ h . 

[009 1] ( 6 ) y— r>^rn^y h>h^:pf 

m^TopEP2mm^<^'r-v yi^^'^i^-yt^^^tifz m 

4A) . TopBP2cOmRNA{i. mRNA±T'CO^^^tt^^ 
mRNA:^)^»-r-|.^h€:*'r. 5-b >y bOAUUUA^^ 



1^) <7)EcoRI-XhoIgB{SrtC^n-— y^L. pK8535:?^L 
fc. in vitrocOiK^i. MW3lf^?^3'- Tt^^XhoIT" 
mm'itLfZPKS53^m^^X. (Promesa^t^^) COfS 

fflf5^B3StC::^V\ T7 RNAjKU^^— b-afofc. In vit , 
ro<7)^lR{4. *@^ifliac^-f -b-h^-X^A (reticule 
cyte lysate system, Amersham^tM) tCT. I ^^S I ;^ (4. ^ll^Il. flSS. Mfcil/^FT'il^OTMsT'^^ ((34 
■f-^-y (43TBq/mmol, 2.9MBq) c7):ffiffiT(3. 2juLO A) . ^^^^^ OlO^o^-X) ;!?^X^E1T1^$ 

m^$i^fzRn^^m^'^x. ^^m50uL^x^^->fz. t: ixfz. 

—X±lfZm'^$tlfzWt^^y^^i}^W'S:. ^^>'^''y:7r— [ 0 0 9 2 ] TopBP2cOmRNA{45-b'y hcOAUUUA ^-f— y 

(20mM h'jX-HCl (pH7.7) . 100mMc7)NaCl , IraM^EDT A.^r^TL. mRNA±-Cc0^^^14?:<^-^-r?>. y-iTvyo 
5%cr)Nonidet P40 ) XimL. mK^tifzmmtiR'^L -/h^mzj^n. -MLX. mRNAc7)^Sil=5:^^^14^W 
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[00933 ( 7 ) TopBP2{i:in v i troTh.-K>f 

Vyyxy:L^—M (GST ) -TopBP21i^^>'^N"^W$-E. 
col i ^^f-^gc^-y:. y)V9^:^y'^yru—x\L—XX:' 

nmLfz. :i<D\^-xt^C:>m^Ltz^y^'<9W^m5A 

5B) „ 

[00943 hyf^-^V^y-^'U BcoC-^^mm:^. To 

p^?2tnm^i^zism^m^^. M^%mmu (o.ex) 

u^^y^^i^m:^ts^sii,z}5\^xmm^iU'z. mi 

Z(r)Zti±. vym'it^j:i:commmm^2-:>co^ 
^<oii^^^m^mcr>fzMZi£^^t$tim^. zcor-if 

Th^fz. in vitrot::iD(tl)$g^^E.colict5T'^^$a 
fzh7fC^V:^y-^l I ;3<7)C-5f^ffi®l^-C-1i^§fl^V^ 
b^^0imi,zj:-:>X^^ti6. 

[0095] MASCOT op BP >^?^>;K-f y^^— tf 1 1 <7)mi 

^^^tz^^:/)^t^df)Hz-:>\^xmmLfz. mm^x^ 

^fUtTopBPJi. Drosophi la;^?^^C7)b;K'< y^^— Irl I 

C0Vy^^-i^Bym^?:^'{t^^^^-->fz. m^. t 
[00963 ^x;i-'^-3[Sf^l¥coaf^i3 ^ 

hZtt^j:-yfz. mMcoh7f^-^V:^y~^llt^-^^yj^ 

1^wxrh^SRslh^fz^n^^V:^-'^x^n. ^cofz 

Ala Leu Asn Ser Tyr Phe Glu 

1 5 
Arj? Arg Pro Glu Thr lie Ser 

20 

Asn Glu Glu Thr Thr Asp Ser 
35 

Asp Thr Gin Gin Glu Asn Gly 
50 55 
lie Asp Gly Leu Asp Leu Asn 
65 70 
Cys Ser Tyr Leu Ala Leu Tyr 



[0097] TopBPl bl 0PBP2 tli^O :^—^tim^j:^ 

y-^um^^y^^^^^i^x^-7^yi:^izm?iLtz. 

f^Z£^Xh6Zt:/P^$ti. ZCOmmi^rosophilat^Zi^ 
(t^ h7t<-iV^y-^ll tmm^m^h. barren(ibh 

co^mi^^^'thmmo:^y^^::^m^^-V'ti>^\ to 

pB?l:hXX/ TopBP2i:«P^-?>. MMZ. mWopBPii 

tnmm\<mmrx^m^t^j:^iirrxhn. h4^-fy 
;<y~^'i I tmrnLxi^m^hzttn-'^^zki^^m 

?2tnmmifzmm^mLfz (i/-v2) . 

[0 098] mLJ:n. DlikhTt^-^ Vs^y—^^n Bim 

^6^x^ n . mmz:B\ ^x^t^i^coj^^<n 

fzisbl^ZiZmXS^ ^ZttmhtiX^^h. L^^L^ti^^. 

hnt^ y;><^— I commmmm^bA.twm^tix^'^ 

^^I^W. TopBP2^f«I^L/::. TopBP2«. DNACOWmyW 

m^mtmmmmkcorsiz^^t (hia) . topb 
P2commi. $ hiz^^tK^mmm-:^x\^^. 

[00993 

mmcmm]:^wm-yrmzj:tLi£. h^^y^^- 
-tfi 1 ai5j:x/0(DMn(^z^^^^mm^y^'<i^wx^i> 
TopEPitiopB?2comi±=¥'isj:xmi^m^^%^:itt'^ 

X^^. ^fz. TopBPt h^^-YVP^^— ifll fcc7)JS^5- 

\iZ. Yr^-AV :^y-'^-'\opP>Pm.^\izm^hY^^V ^ 
y-^wmmm<r:>x^ ^)-:z.y^-mdi^^^ix 

'\op^p\^mfzm^hm^F^<r^^. mmwrn-. 
^■i.x\'^h'^^^if'^hz.}it^h. w^\<mmw^}L 
^h^Lbf^x^h. 

[0 100] 

W3m^\ 1 

m\\(r>^^ : 3 0 6 
iB^fi<7)M : r ^ y K 



Pro Pro Val Glu Glu Ser Ala Leu Glu 

10 15 

Glu Pro Lys Thr Tyr Val Asp Leu Thr 

25 30 

Thr Thr Ser Lys lie Ser Pro Ser Glu 

40 ' 45 

Ser Met Phe Ser Leu lie Thr Trp Asn 

60 

Asn Leu Ser Glu Arg Ala Ar^ Gly Val 

75 80 

Ser Pro Asp Val lie Phe Leu Gin Glu 



- » 



♦ 
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85 90 95 

Val He Pro Pro Tyr Tyr Ser Tyr Leu Lys Lys Ars Ser Ser Asn Tyr 

100 105 110 

Glu He He Thr Gly His Glu Glu Gly Tyr Phe Thr Ala He Met Leu 

115 120 125 

Lys Lys Ser Ar^; Val Lys Leu Lys Ser Gin Glu He He Pro Phe Pro 

130 135 140 

Ser Thr Lys Met Met Arg Asn Leu Leu Cys Val His Val Asn Val Ser 
145 150 155 160 

Gly Asn Glu Leu Cys Leu Met Thr Ser His Leu Glu Ser Thr Ars Gly 

165 170 175 

His Ala Ala Glu Arj? Met Asn Gin Leu Lys Met Val Leu Lys Lys Met 

180 185 190 

Gin Glu Ala Pro Glu Ser Ala Thr Val He Phe Ala Gly Asp Thr Asn 

195 200 205 

Leu Arg Asp Ar^j Glu Val Thr Arg Cys Gly Gly Leu Pro Asn Asn He 

210 215 220 

Val Asp Val Trp Glu Phe Leu Gly Lys Pro Lys His Cys Gin Tyr Thr 
225 230 235 240 

Trp Asp Thr Gin Met Asn Ser Asn Leu Gly He Thr Ala Ala Cys Lys 

245 250 255 

Leu Arj? Phe Asp Arg He Phe Phe Arg Ala Ala Ala Glu Glu Gly His 

260 265 270 

He He Pro Arg Ser Leu Asp Leu Leu Gly Leu Glu Lys Leu Asp Cys 

275 280 285 

Gly Arg Phe Pro Ser Asp His Trp Gly Leu Leu Cys Asn Leu Asp He 

290 295 300 

1 I e Leu 
305 306 

[0101] iB^iJ#-^ : 2 mmc^ : T^JM 

^mcr>^^ : 3 9 2 mmc^wm : H 

mm 

Met Arg Glu Arg His Asp Thr Gly Ala Cys Ala Glu Pro Arg Val Gly 

15 10 15 

Leu Leu Phe Arg Leu Lys Gly Arg Cys Arg Gly Gly Arg Lys Met Glu 

20 25 30 

Leu Gly Ser Cys Leu Glu Gly Gly Arg Glu Ala Ala Glu Glu Glu Gly 

35 40 45 

Glu Pro Glu Val Lys Lys Arg Arg Leu Leu Cys Val Glu Phe Ala Ser 

50 55 60 

Val Ala Ser Cys Asp Ala Ala Val Ala Gin Cys Phe Leu Ala Glu Asn 
65 70 75 80 

Asp Trp Glu Met Glu Arg Ala Leu Asn Ser Tyr Phe Glu Pro Pro Val 

85 90 . 95 

Glu Glu Ser Ala Leu Glu Arg Arg Pro Glu Thr He Ser Glu Pro Lys 

100 105 110 

Thr Tyr Val Asp Leu Thr Asn Glu Glu Thr Thr Asp Ser Thr Thr Ser 

115 120 125 

Lys He Ser Pro Ser Glu Asp Thr Gin Gin Glu Asn Gly Ser Met Phe 
130 135 140 
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Ser Leu lie Thr Trp Asn lie Asp Gly Leu Asp Leu Asn Asn Leu Ser 
145 150 155 160 

Glu Arg Ala Arj? Gly Val Cys Ser Tyr Leu Ala Leu Tyr Ser Pro Asp 

165 170 175 

Val He Phe Leu Gin Glu Val He Pro Pro Tyr Tyr Ser Tyr Leu Lys 

180 185 190 

Lys Arg Ser Ser Asn Tyr Glu He He Thr Gly His Glu Glu Gly Tyr 

195 200 205 

Phe Thr Ala He Met Leu Lys Lys Ser Arg Val Lys Leu Lys Ser Gin 

210 215 220 

Glu He He Pro Phe Pro Ser Thr Lys Met Met Ar^ Asn Leu Leu Cys 
225 230 235 240 

Val His Val Asn Val Ser Gly Asn Glu Leu Cys Leu Met Thr Ser His 

245 250 255 

Leu Glu Ser Thr An? Gly His Ala Ala Glu Ar^ Met Asn Gin Leu Lys 

260 265 270 

Met Val Leu Lys Lys Met Gin Glu Ala Pro Glu Ser Ala Thr Val lie 

275 280 285 

Phe Ala Gly Asp Thr Asn Leu Arg Asp Arg Glu Val Thr Ar^ Cys Gly 

290 295 300 

Gly Leu Pro Asn Asn He Val Asp Val Trp Glu Phe Leu Gly Lys Pro 
305 310 315 320 

Lys His Cys Gin Tyr Thr Trp Asp Thr Gin Met Asn Ser Asn Leu Gly 

325 330 335 

He Thr Ala Ala Cys Lys Leu Arg Phe Asp Arg He Phe Phe Arg Ala 

340 345 350 

Ala Ala Glu Glu Gly His He He Pro Arg Ser Leu Asp Leu Leu Gly 

355 360 365 

Leu Glu Lys Leu Asp Cys Gly Arj? Phe Pro Ser Asp His Trp Gly Leu 

370 375 380 

Leu Cys Asn Leu Asp He He Leu 
385 390 392 

[0102] m9m^ : 3 mmcrm : r^ym 

ia^fj<7>^^ : 1 5 2 2 lE^ycOffiS : ^y'^ K 

mm 

Met Ser Arj? Asn Asp Lys Glu Pro Phe Phe Val Lys Phe Leu Lys Ser 

1 5 10 15 

Ser Asp Asn Ser Lys Cys Phe Phe Lys Ala Leu Glu Ser He Lys Glu 

20 25 30 

Phe Gin Ser Glu Glu Tyr Leu Gin He He Thr Glu Glu Glu Ala Leu 

35 40 45 

Lys He Lys Glu Asn Asp Arg Ser Leu Tyr He Cys Asp Pro Phe Ser 

50 55. 60 

Gly Val Val Phe Asp His Leu Lys Lys Leu Gly. Cys Arg He Val Gly 
65 70 75 80 

Pro Gin Val Val He Phe Cys Met His His Gin Arg Cys Val Pro Arj? 

85 90 95 

Ala Glu His Pro Val Tyr Asn Met Val Met Ser Asp Val Thr He Ser^ 

100 105 110 

Cys Thr Ser Leu Glu Lys Glu Lys Arg Glu Glu Val His Lys Tyr Val 
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115 120 125 

Gin Met Met Gly Gly Arg Val Tyr Arj? Asp Leu Asn Val Ser Val Thr 

130 135 140 

His Leu lie Ala Gly Glu Val Gly Ser Lys Lys Tyr Leu Val Ala Ala 
145 150 155 160 

Asn Leu Lys Lys Pro lie Leu Leu Pro Ser Trp lie Lys Thr Leu Trp 

165 170 175 

Glu Lys Ser Gin Glu Lys Lys He Thr Arg Tyr Thr Asp He Asn Met 

180 185 190 

Glu Asp Phe Lys Cys Pro He Phe Leu Gly Cys He He Cys Val Thr 

195 200 205 

Gly Leu Cys Gly Leu Asp Ars Lys Glu Val Gin Gin Leu Thr Val Lys 

210 215 220 

His Gly Gly Gin Tyr Met Gly Gin Leu Lys Met Asn Glu Cys Thr His 
225 230 235 240 

Leu He Val Gin Glu Pro Lys Gly Gin Lys Tyr Glu Cys Ala Lys Arg 

245 250 255 

Trp Asn Val His Cys Val Thr Thr Gin Trp Phe Phe Asp Ser He Glu 

260 265 270 

Lys Gly Phe Cys Gin Asp Glu Ser He Tyr Lys Thr Glu Pro Ar^; Pro 

275 280 285 

Glu Ala Lys Thr Met Pro Asn Ser Ser Thr Pro Thr Ser Gin He Asn 

290 295 300 

Thr He Asp Ser Arj? Thr Leu Ser Asp Val Ser Asn He Ser Asn He 
305 310 315 320 

Asn Ala Ser Cys Val Ser Glu Ser He Cys Asn Ser Leu Asn Ser Lys 

325 330 335 

Leu Glu Pro Thr Leu Glu Asn Leu Glu Asn Leu Asp Val Ser Ala Phe 

340 345 350 

Gin Ala Pro Glu Asp Leu Leu Asp Gly Cys Arg He Tyr Leu Cys Gly 

355 360 365 

Phe Ser Gly Arg Lys Leu Asp Lys Leu Arg Arg Leu He Asn Ser Gly 

370 375 380 

Gly Gly Val Arg Phe Asn Gin Leu Asn Glu Asp Val Thr His Val He 
385 390 395 400 

Val Gly Asp Tyr Asp Asp Glu Leu Lys Gin Phe Trp Asn Lys Ser Ala 

405 410 415 

His Arg Pro His Val Val Gly Ala Lys Trp Leu Leu Glu Cys Phe Ser 

420 425 430 

Lys Gly Tyr Met Leu Ser Glu Glu Pro Tyr He His Ala Asn Tyr Gin 

435 440 445 

Pro Val Glu He Pro Val Ser His Gin Pro Glu Ser Lys Ala Ala Leu 

450 455 460 

Leu Lys Lys Lys Asn Ser Ser Phe Ser Lys Lys. Asp Phe Ala Pro Ser 
465 470 475 480 

Glu Lys His Glu Gin Ala Asp Glu Asp Leu Leu Ser Gin Tyr Glu Asn 

485 490 495 

Gly Ser Ser Thr Val Val Glu Ala Lys Thr Ser Glu Ala Arg Pro Phe 

500 505 510 

Asn Asp Ser Thr His Ala Glu Pro Leu Asn Asp Ser Thr His He Ser 
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Leu Gin 
530 
Ser Thr 
545 

Leu Gly 
Glu Asn 

ft 

Tyr Ala 

Glu Val 
610 
Leu Phe 
625 

Thr Gly 

Ala Gly 

Ala Ser 

Met Phe 
690 
Tyr Glu 
705 

Leu Leu 

Leu 1 1 e 

Thr Asn 

Arj? Leu 
770 
Arj? Phe 
785 

Gin Val 

Ser Leu 

Phe Lys 

Pro Gly 
850 
Glu Val 
865 

Asn Ala 
Glu Lys 
Ser Lys 



515 

Glu Glu 

He Thr 

Phe Ser 

Ala Gly 
580 
Val Val 

595 

Val Thr 

Asp Pro 

Met Thr 

Ala Glu 
660 
Val Gin 
675 

Ala Ser 

Ala Ala 

Glu Thr 

Glu Asn 
740 

Gly He 
755 

Gin Thr 

Gin Ser 

Ala Ala 

His Leu 
820 
Pro Ser 

835 

Arg Pro 

He Val 

Val Ala 

Glu Glu 
900 
Lys Leu 



520 

Asn Gin Ser Ser Val Ser 
535 

Gly Leu Phe Ser 



Glu Glu 
550 
Asn Glu 
565 

Lys 1 1 e 



Asn Glu Ser Asn 

570 

Met Ser Leu Leu 
585 

Pro Leu Leu Gly Cys Glu 

600 

Asn Thr Trp Leu Val Thr 
615 

Asn Pro Leu Phe 



Lys Ser 
630 

Pro Leu 
645 

Lys Glu 

Glu Tyr 

Thr His 

Lys Lys 
710 
Ala Arj? 
725 

Ser Thr 



Glu Asp Cys Val 

650 

Ser Leu Thr Phe 
665 

Phe Val Ar^ Lys 
680 

Leu He Leu Lys 
695 

Trp Asn Leu Pro 



His Cys 
540 
Gin Lys 
555 

He Ala 

Ser Ars 

Val Glu 

Cys I 1 e 
620 
Thr Pro 
635 

1 1 e Ser 



525 

Val Pro Asp Val 

Ser Phe Leu Val 

560 

Asn He He Lys 
575 

Thr Val Ala Asp 
590 

Ala Thr Val Gly 
605 

Asp Tyr Gin Thr 



Val Pro Val Met 

640 

Phe Ser Gin Cys 
655 

Leu Ala Asn Leu Leu Gly 

670 

Ser Asn Ala Lys Lys Gly 
685 

Gly Gly Ser Lys 



Thr Gly Lys Arg 

730 

Lys Glu Glu Arg 
745 

Asn Leu Asn Ser Asp Thr 

760 

His Arj? Lys Thr Val Val 
775 

Phe Arg Ala Val 



Lys Ala 
790 
Ser Pro 
805 

Asp Thr 

Phe Asp 

Ser Gin 

Lys Asn 
870 
Leu Ser 
885 

Ala Pro 



Ala Val Gly Gin 

810 

Pro Ser Lys Phe 
825 

Val Lys Asp A1 a 
840 

Gin Lys Ars Lys 
855 

Leu Gin Leu Ala 



Ala Ser Pro Gin 

890 

Lys Pro Leu His 
905 

Ser Lys Lys Gin Ser Glu 



Glu Ars 
700 
Ala Val 
715 

Ala Asp 

Ser Leu 

Ala Glu 

Thr Pro 
780 
Val Ser 
795 

Pro Leu 

Leu Ser 

Leu Ala 

Pro Ser 
860 
Leu. Al a 
875 

Leu Lys 
Lys Val 
Leu Asn 



Thr He Ala Trp 

720 

Glu Ser His Phe 
735 

Glu Thr Glu He 
750 

His Pro Gly Thr 
765 

Leu Asp Met Asn 

Gin His Ala Arg 

800 

Gin Lys Glu Pro 
815 

Lys Asp Lys Leu 
830 

Ala Leu Glu Thr 
845 

Thr Pro Leu Ser 

Asn Ser Ser Arj? 

880 

Glu Ala Gin Ser 
895 

Val Val Cys Val 
910 

Gly He Ala Ala 
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915 920 925 

Ser Leu Gly Ala Asp Tyr Arj? Trp Ser Phe Asp Glu Thr Val Thr His 

930 935 940 

Phe He Tyr Gin Gly Arj? Pro Asn Asp Thr Asn Arg Glu Tyr Lys Ser 
945 950 955 960 

Val Lys Glu Ars Gly Val His He Val Ser Glu His Trp Leu Leu Asp 

965 970 975 

Cys Ala Gin Glu Cys Lys His Leu Pro Glu Ser Leu Tyr Pro His Thr 

980 985 990 

Tyr Asn Pro Lys Met Ser Leu Asp He Ser Ala Val Gin Asp Gly Arg 

995 1000 1005 

Leu Cys Asn Ser Arj? Leu Leu Ser Ala Val Ser Ser Thr Lys Asp Asp 

1010 1015 1020 

Glu Pro Asp Pro Leu He Leu Glu Glu Asn Asp Val Asp Asn Met Ala 
1025 1030 1035 1040 

Thr Asn Asn Lys Glu Ser Ala Pro Ser Asn Gly Ser Gly Lys Asn Asp 

1045 1050 1055 

Ser Lys Gly Val Leu Thr Gin Thr Leu Glu Met Arj? Glu Asn Phe Gin 

1060 1065 1070 

Lys Gin Leu Gin Glu He Met Ser Ala Thr Ser He Val Lys Pro Gin 

1075 1080 1085 

Gly Gin Arj? Thr Ser Leu Ser Arg Ser Gly Cys Asn Ser Ala Ser Ser 

1090 1095 1100 

Thr Pro Asp Ser Thr Arg Ser Ala Arj? Ser Gly Arg Ser Arg Val Leu 
1105 1110 1115 1120 

Glu Ala Leu Arg Gin Ser Arj? Gin Thr Val Pro Asp Val Asn Thr Glu 

1125 1130 1135 

Pro Ser Gin Asn Glu Gin He He Trp Asp Asp Pro Thr Ala Arg Glu 

1140 1145 1150 

Glu Arg Ala Arg Leu Ala Ser Asn Leu Gin Trp Pro Ser Cys Pro Thr 

1155 1160 1165 

Gin Tyr Ser Glu Leu Gin Val Asp He Gin Asn Leu Glu Asp Ser Pro 

1170 1175 1180 

Phe Gin Lys Pro Leu His Asp Ser Glu He Ala Lys Gin Ala Val Cys 
1185 1190 1195 1200 

Asp Pro Gly Asn He Arg Val Thr Glu Ala Pro Lys His Pro He Ser 

1205 1210 1215 

Glu Glu Leu Glu Thr Pro He Lys Asp Ser His Leu He Pro Thr Pro 

1220 1225 1230 

Gin Ala Pro Ser He Ala Phe Pro Leu Ala Asn Pro Pro Val Ala Pro 

1235 1240 1245 

His Pro Arg Glu Lys He He Thr He Glu Glu Thr His Glu Glu Leu 

1250 1255 1260 

Lys Lys Gin Tyr He Phe Gin Leu Ser Ser Leu. Asn Pro Gin Glu Arg 
1265 1270 1275 1280 

He Asp Tyr Cys His Leu He Glu Lys Leu Gly Gly Leu Val He Glu 

1285 1290 1295 

Lys Gin Cys Phe Asp Pro Thr Cys Thr His He Val Val Gly His Pro 

1300 1305 1310 

Leu Arg Asn Glu Lys Tyr Leu Ala Ser Val Ala Ala Gly Lys Trp Val 
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1315 1320 1325 

Leu His Arg Ser Tyr Leu Glu Ala Cys Ar^ Thr Ala Gly His Phe Val 

1330 1335 1340 

Gin Glu Glu Asp Tyr Glu Trp Gly Ser Ser Ser lie Leu Asp Val Leu 
1345 1350 1355 1360 

Thr Gly lie Asn Val Gin Gin Arg Ar^ Leu Ala Leu Ala Ala Met ^rg 

1365 1370 175 

Trp ArK Lys Lys He Gin Gin Arg Gin Glu Ser Gly lie Val Glu Gly 

1380 1385 1390 

Ala Phe Ser Gly Trp Lys Val He Leu His Val Asp Gin Ser Ar^ Glu 

1395 1400 1405 

Ala Gly Phe Lys Arj? Leu Leu Gin Ser Gly Gly Ala Lys Val Leu Pro 

1410 1415 1420 

Gly His Ser Val Pro Leu Phe Lys Glu Ala Thr His Leu Phe Ser Asp 
1425 1430 1435 1440 

Leu Asn Lys Leu Lys Pro Asp Asp Ser Gly Val Asn He Ala Glu Ala 

1445 1450 1455 

Ala Ala Gin Asn Val Tyr Cys Leu Arj? Thr Glu Tyr He Ala Asp Tyr 

1460 1465 1470 

Leu Met Gin Glu Ser Pro Pro His Val Glu Asn Tyr Cys Leu Pro Glu 

1475 1480 1485 

Ala He Ser Phe He Gin Asn Asn Lys Glu Leu Gly Thr Gly Leu Ser 

1490 1495 1500 

Gin Lys Arj? Lys Ala Pro Thr Glu Lys Asn Lys He Lys Arj? Pro Arj? 
1505 1510 1515 1520 

Val His 
1522 

[0103] m^m^- : 4 : ~-^m 

IH^tJco^^ : 2 3 7 9 hTKoS/- : BM^ 

CTTTCCCAAA ACTCTCTCAA AATTGCGAGC CTTGGTCATG GCCTTTATCA CCTCCCGCAG 60 

AGACTGAGTC ATGCTGGTCA TCGTGGACGG TTTTCCAGCC TTTGGGCTTT GCGCAAGAAC 120 

GAACTTCGGA AGAGCTGGAA AGTCCAGAAG TTAGTGAAAG AAGGACACAA AGGGCGAAGA 180 

GCCCGCACCC TTCTCCGCCC CTAGGAGCGC AAGAGGCCGG GAGTCAGGCG AGCTGGCAGC 240 

CCCGGTGGTC CGCGATTTGC TCACTGACTT TCCTCGCACC CTTGTGACGA AGCGCGCATG 300 

CGCGCTTCGC ACCCACCGCC CCGGCGGCTC CCTTGCGGCG CAGCTGCACC AGTTTTCCGA 360 

GAGCGGAGCG CATTTCCCCG CCGGGCGGTT G ATG CGG GAG CGC CAT GAC ACA 412 



GGC 


GCC 


TGC 


GCA 


GAG 


CCG 


CGC 


GTT 


GGC 


CTC 


CTG 


TTC 


CGC 


TTA 


AAG 


GGG 


460 


CGG 


TGC 


AGA 


GGC 


GGC 


AGG 


AAG 


ATG 


GAG 


TTG 


GGG 


AGT 


TGC 


CTG 


GAG 


GGC 


508 


GGG 


AGG 


GAG 


GCG 


GCG 


GAG 


GAA 


GAG 


GGC 


GAG 


CCT 


GAG 


GTG 


AAA 


AAG 


CGG 


556 


CGA 


CTT 


CTG 


TGT 


GTG 


GAG 


TTT 


GCC 


TCG 


GTC 


GCA 


AGC 


TGC 


GAT 


GCC 


GCA 


604 


GTG 


GCT 


CAG 


TGC 


TTC 


CTG 


GCC 


GAG 


AAC 


GAC 


TGG 


GAG 


ATG 


GAA 


AGG 


GCT 


652 


CTG 


AAC 


TCC 


TAC 


TTC 


GAG 


CCT 


CCG 


GTG 


GAG 


GAG. 


AGC 


GCC 


TTG 


GAA 


CGC 


700 


CGA 


CCT 


GAA 


ACC 


ATC 


TCT 


GAG 


CCC 


AAG 


ACC 


TAT 


GTT 


GAC 


CTA 


ACC 


AAT 


748 


GAA 


GAA 


ACA 


ACT 


GAT 


TCC 


ACC 


ACT 


TCT 


AAA 


ATC 


AGC 


CCA 


TCT 


GAA 


GAT 


796 


ACT 


CAG 


CAA 


GAA 


AAT 


GGC 


AGC 


ATG 


TTC 


TCT 


CTC 


ATT 


ACC 


TGG 


AAT 


ATT 


844 


GAT 


GGA 


TTA 


GAT 


CTA 


AAC 


AAT 


CTG 


TCA 


GAG 


AGG 


GCT 


CGA 


GGG 


GTG 


TGT 


892 


TCC 


TAC 


TTA 


GCT 


TTG 


TAC 


AGC 


CCA 


GAT 


GTG 


ATA 


TTT 


CTA 


CAG 


GAA 


GTT 


940 


ATT 


CCC 


CCA 


TAT 


TAT 


AGC 


TAC 


CTA 


AAG 


AAG 


AGA 


TCA 


AGT 


AAT 


TAT 


GAG 


988 
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ATT ATT ACA GGT CAT GAA GAA GGA TAT TTC ACA GCT ATA ATG TTG AAG 1036 
AAA TCA AGA GTG AAA TTA AAA AGC CAA GAG ATT ATT CCT TTT CCA AGT 1084 
ACC AAA ATG ATG AGA AAC CTT TTA TGT GTG CAT GTG AAT GTG TCA GGA 1132 
AAT GAG CTT TGC CTT ATG ACA TCC CAT TTG GAG AGC ACC AGA GGG CAT 1180 
GCT GCG GAA CGA ATG AAT CAG TTA AAA ATG GTT TTA AAG AAA ATG CAA 1228 
GAG GCT CCA GAG TCA GCT ACA GTT ATA TTT GCA GGA GAT ACA AAT CTA 1276 
AGG GAT CGA GAG GTT ACC AGA TGT GGT GGT TTA CCC AAC AAC ATT GTG 1324 
GAT GTC TGG GAG TTT TTG GGC AAA CCT AAA CAT TGC CAG TAT ACA TGG 1372 
GAT ACA CAA ATG AAC TCT AAT CTT GGA ATA ACT GCT GCT TGT AAA CTT 1420 
CGT TTT GAT CGA ATA TTT TTC AGA GCA GCA GCA GAA GAG GGA CAC ATT 1468 
ATT CCC CGA AGT TTG GAC CTT CTT GGA TTA GAA AAA CTG GAC TGT GGT 1516 
AGA TTT CCT AGT GAT CAC TGG GGT CTT CTG TGC AAC TTA GAT ATA ATA 1564 
TTG TAA AATGCTTTTC AAGTGTGGGT TTTGCCCTGA TTGTTGCAAA TACAATTTCC 1620 
ACCTTCTGGA AAGGTAGGTT TGCTGTGGAG GAAATAATGT ACTAGATCAT TGTCACAGAA 1680 
AAACCAACTA TGATTTATGG TTGTGTTTTC AGAATTCAAC ATTAAAGATT AATGTTTATT 1740 
TAAACGAACA CATTCCTGCA TTCAGGATGT GAGGCCATTT AATAAAAAGG GCACAAAGCC 1800 
TGTCAGAGTT TTCAACGGTG CTTACAGCTG CCAGCTGGAT TCCAAACAGG TACCCCATTG 1860 
TCTCTGAGCT AATGTTTATA TTTTTCCATT CAGGCACCGA AATAGTTAAT ATTTAAAATA 1920 
AGTCTTCAAA AGAAAACATA AGAGATTATT GAGTTCTTGG GACTGGATCC TTTATTTCAT 1980 
AAGTTCAGAT CATCTTAAAT GAAAATGCCA TGATTATCTG CAGTTAAGTA GATGACAGCT^ 2040 
ATTCTACATC AGACTTGATT TTTGTCAGCT AATTACATAA TTGGTAAGCT ATAATTGAAA 2100 
CCTTATGGCT TAAAATTCCT TAACTCCTTT TTGATTCATG TTTGTAGTCA TGTTGTCAAC'f:2160 
AGAGGCAAAG TTAAGCTTGA TGATGGTTAA AATCGGTTTG ATAGCACCAT GGGACATTTT 2220 
TCTAACAAAA ATAAATGCAT GAAGAGACAT AGCCTTTTAG TTTTGCTAAT TGTGAAATGG 2280 
TCTCCGTTTC AATTCGAACT ACTACCAATT TTAGCCAAAC TATCGTGGTA CCCTGT AAAA - 2340 
AGATTGTTTT TATTTACGTA CTTCTCTGTA TCGGAAAATC AAAACGATTA ACACTTTACC 2280 
AAATGCTTTA CAGGAAGTAA ATGCAAATTA CTTTTAAGTG TGCTTTAAAG AAAAATATTT 2340 
TCCCCACAGG AGAAATTTAA ATAAAGAATT TTATTTGTT 2379 



CGACCCCAGC 


CACCGCCCTG CGGCCAGCGC 


; GTCCCCCGAC 


TCGCCGCCCG GAGACCCCGA 


60 


GGCTCCAACG 


AGTTCAGA/^ 


L ATG 


; TCC 


: AGA 


. AAT 


' GAC 


: AAA 


i GAA 


I CCG 


TTT 


' TTT 


GTG 


112 


AAG 


TTT 


TTA 


AAG 


TCT 


TCA 


GAC 


AAT 


TCC 


AAA 


TGT 


TTT 


TTT 


AAA 


GCT 


CTC 


160 


GAG 


TCC 


ATA 


AAA 


GAA 


TTC 


CAA 


TCA 


GAA 


GAA 


TAT 


CTT 


CAG 


ATT 


ATT 


ACA 


208 


GAA 


GAA 


GAG 


GCA 


TTG 


AAG 


ATA 


AAG 


GAG 


AAT 


GAT 


AGA 


TCA 


CTT 


TAT 


ATC 


256 


TGC 


GAC 


CCT 


TTT 


AGT 


GGC 


GTT 


GTC 


TTT 


GAT 


CAC 


CTC 


AAA 


AAG 


CTT 


GGC 


304 


TGC 


AGA 


ATT 


GTT 


GGT 


CCT 


CAA 


GTA 


GTC 


ATA 


TTT 


TGT 


ATG 


CAC 


CAC 


CAG 


352 


CGA 


TGT 


GTC 


CCA 


AGA 


GCC 


GAA 


CAT 


CCA 


GTT 


TAT 


AAT 


ATG 


GTT 


ATG 


TCT 


400 


GAT 


GTA 


ACC 


ATA 


TCT 


TGT 


ACA 


AGT 


CTG 


GAA 


AAA 


GAA 


AAA 


AGG 


GAA 


GAA 


448 


GTT 


CAT 


AAA 


TAT 


GTA 


CAA 


ATG 


ATG 


GGC 


GGA 


CGA 


GTA 


TAC 


AGA 


GAC 


CTT 


496 


AAT 


GTA 


TCA 


GTA 


ACT 


CAC 


CTT 


ATT 


GCA 


GGA 


GAA 


GTT 


GGT 


AGC 


AAA 


AAA 


544 


TAT 


TTA 


GTT 


GCT 


GCA 


AAC 


CTG 


AAG 


AAA 


CCT 


ATT. 


TTG 


CTT 


CCC 


TCT 


TGG 


592 


ATA 


AAA 


ACA 


CTT 


TGG 


GAG 


AAG 


TCA 


CAA 


GAG 


AAA 


AAA 


ATA 


ACT 


AGA 


TAT 


640 


ACT 


GAT 


ATA 


AAC 


ATG 


GAA 


GAT 


TTC 


AAG 


TGT 


CCT 


ATT 


TTT 


CTT 


GGT 


TGC 


688 


ATA 


ATC 


TGT 


GTG 


ACT 


GGC 


TTA 


TGT 


GGC 


TTA 


GAC 


AGG 


AAA 


GAA 


GTT 


CAG 


736 


CAA 


CTC 


ACA 


GTT 


AAG 


CAT 


GGA 


GGT 


CAA 


TAC 


ATG 


GGA 


CAA 


TTG 


AAA 


ATG 


.784 


AAT 


GAA 


TGT 


ACA 


CAC 


CTC 


ATT 


GTG 


CAA 


GAA 


CCA 


AAA 


GGT 


CAG 


AAG 


TAT 


832 


GAG 


TGT 


GCC 


AAG 


AGA 


TGG 


AAT 


GTA 


CAC 


TGT 


GTG 


ACC 


ACA 


CAG 


TGG 


TTT 


880 
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TTT 


GAC 


AGT 


ATT 


GAG 


AAA 


GGT 


TTT 


TGT 


CAG 


GAT 


GAA 


TCC 


ATA 


TAC 


AAG 


928 


ACA 


GAA 


CCT 


AGA 


CCA 


GAA 


GCA 


AAG 


ACT 


ATG 


CCC 


AAT 


TCT 


TCA 


ACT 


CCT 


976 


ACC 


AGC 


CAG 


ATC 


AAC 


ACA 


ATT 


GAT 


AGT 


CGT 


ACT 


CTT 


TCA 


GAT 


GTC 


AGC 


1024 


AAT 


ATT 


TCC 


AAC 


ATA 


AAT 


GCA 


AGT 


TGC 


GTA 


AGT 


GAA 


TCA 


ATA 


TGT 


AAT 


1072 


TCA 


CTT 


AAC 


AGC 


AAA 


CTG 


GAG 


CCT 


ACA 


CTT 


GAA 


AAT 


CTA 


GAA 


AAT 


CTG 


1120 


GAT 


GTC 


AGT 


GCA 


TTT 


CAA 


GCA 


CCT 


GAA 


GAT 


TTA 


TTA 


GAT 


GGT 


TGT 


CGG 


1168 


ATA 


TAT 


CTT 


TGC 


GGT 


TTT 


AGT 


GGC 


AGA 


AAG 


CTA 


GAT 


AAA 


CTG 


AGA 


AGA 


1216 


CTT 


ATT 


AAC 


AGT 


GGA 


GGT 


GGA 


GTT 


CGT 


TTT 


AAC 


CAG 


CTA 


AAT 


GAA 


GAT 


1264 


GTA 


ACT 


CAT 


GTT 


ATT 


GTG 


GGA 


GAT 


TAT 


GAT 


GAT 


GAA 


TTG 


AAG 


CAG 


TTT 


1312 


TGG 


AAT 


AAA 


TCA 


GCC 


CAC 


AGG 


CCT 


CAT 


GTA 


GTG 


GGA 


GCA 


AAG 


TGG 


TTG 


1360 


CTA 


GAG 


TGT 


TTC 


AGT 


AAA 


GGT 


TAT 


ATG 


CTT 


TCT 


GAA 


GAA 


CCA 


TAT 


ATC 


1408 


CAT 


GCT 


AAT 


TAC 


CAG 


CCA 


GTG 


GAA 


ATT 


CCA 


GTT 


TCA 


CAT 


CAG 


CCT 


GAA 


1456 


AGT 


AAA 


GCA 


GCT 


CTT 


TTA 


AAA 


AAG 


AAG 


AAC 


AGC 


AGC 


TTC 


TCT 


AAG 


AAA 


1504 


GAC 


TTT 


GCT 


CCT 


AGT 


GAA 


AAG 


CAT 


GAG 


CAA 


GCT 


GAT 


GAA 


GAT 


CTG 


CTC 


1552 


TCT 


CAA 


TAT 


GAA 


AAT 


GGT 


AGC 


TCC 


ACA 


GTA 


GTT 


GAG 


GCT 


AAG 


ACG 


TCT 


1600 


GAA 


GCC 


AGG 


CCC 


TTT 


AAT 


GAT 


TCT 


ACT 


CAT 


GCT 


GAG 


CCC 


TTG 


AAT 


GAT 


1648 


TCT 


ACT 


CAC 


ATT 


TCT 


TTG 


CAA 


GAA 


GAA 


AAC 


CAG 


TCT 


TCT 


GTC 


AGT 


CAT 


1696 


TGT 


GTC 


CCT 


GAT 


GTT 


TCT 


ACA 


ATT 


ACT 


GAA 


GAA 


GGC 


TTA 


TTT 


AGC 


CAA 


1744 


AAG 


AGT 


TTC 


CTT 


GTT 


TTG 


GGT 


TTT 


AGT 


AAT 


GAA 


AAT 


GAA 


TCT 


AAC 


ATC 


1792 


GCA 


AAC 


ATC 


ATA 


AAA 


GAA 


AAT 


GCT 


GGG 


AAA 


ATC 


ATG 


TCC 


CTT 


CTG 


AGC 


1840 


AGA 


ACT 


GTT 


GCG 


GAT 


TAT 


GCT 


GTG 


GTT 


CCT 


CTG 


CTG 


GGG 


TGT 


GAA 


GTG 


1888 


GAA 


GCC 


ACT 


GTG 


GGA 


GAA 


GTT 


GTT 


ACA 


AAT 


ACA 


TGG 


CTG 


GTT 


ACT 


TGC 


1936 


ATA 


GAC 


TAT 


CAG 


ACT 


TTG 


TTT 


GAT 


CCA 


AAG 


TCG 


AAT 


CCT 


CTC 


TTC 


ACA 


1984 


CCA 


GTT 


CCA 


GTA 


ATG 


ACA 


GGA 


ATG 


ACT 


CCT 


TTA 


GAG 


GAT 


TGT 


GTT 


ATT 


2032 


TCA 


TTT 


AGC 


CAG 


TGT 


GCT 


GGA 


GCA 


GAA 


AAA 


GAG 


TCT 


TTA 


ACA 


TTC 


CTA 


2080 


GCA 


AAC 


CTC 


CTT 


GGA 


GCA 


AGT 


GTT 


CAA 


GAA 


TAC 


TTT 


GTT 


CGC 


AAA 


TCC 


2128 


AAT 


GCA 


AAG 


AAA 


GGC 


ATG 


TTT 


GCC 


AGT 


ACT 


CAT 


CTT 


ATA 


CTG 


AAA 


GAA 


2176 


CGT 


GGT 


GGC 


TCT 


AAA 


TAT 


GAA 


GCT 


GCA 


AAG 


AAG 


TGG 


AAT 


TTA 


CCT 


GCC 


2224 


GTT 


ACT 


ATA 


GCT 


TGG 


CTG 


TTG 


GAG 


ACT 


GCT 


AGA 


ACG 


GGA 


AAG 


AGA 


GCA 


2272 


GAC 


GAA 


AGC 


CAT 


TTT 


CTG 


ATT 


GAA 


AAT 


TCA 


ACT 


AAA 


GAA 


GAA 


CGA 


AGT 


2320 


TTG 


GAA 


ACA 


GAA 


ATA 


ACA 


AAT 


GGA 


ATC 


AAT 


CTA 


AAT 


TCA 


GAT 


ACT 


GCA 


2368 


GAG 


CAT 


CCT 


GGC 


ACA 


CGC 


CTG 


CAA 


ACT 


CAC 


AGA 


AAA 


ACC 


GTC 


GTT 


ACA 


2416 


CCT 


TTA 


GAT 


ATG 


AAC 


CGC 


TTT 


CAG 


AGT 


AAA 


GCT 


TTC 


CGT 


GCT 


GTG 


GTC 


2464 


TCA 


CAA 


CAT 


GCC 


AGA 


CAG 


GTC 


GCA 


GCC 


TCC 


CCA 


GCA 


GTA 


GGA 


CAA 


CCA 


2512 


CTT 


CAG 


AAG 


GAG 


CCC 


TCG 


TTA 


CAC 


CTG 


GAT 


ACA 


CCA 


TCA 


AAA 


TTC 


CTG 


2560 


TCC 


AAG 


GAC 


AAA 


CTC 


TTC 


AAG 


CCT 


TCC 


TTT 


GAT 


GTG 


AAG 


GAT 


GCA 


CTT 


2608 


GCA 


GCC 


TTG 


GAA 


ACT 


CCA 


GGA 


CGT 


CCC 


AGC 


CAA 


CAG 


AAA 


AGG 


AAA 


CCG 


2656 


AGT 


ACG 


CCA 


CTC 


TCA 


GAA 


GTT 


ATT 


GTC 


AAA 


AAC 


TTG 


CAA 


CTT 


GCT 


TTG 


2704 


GCA 


AAT 


AGC 


TCT 


CGA 


AAT 


GCT 


GTC 


GCT 


CTT 


TCT 


GCC 


AGC 


CCT 


CAA 


CTG 


2752 


AAA 


GAG 


GCC 


CAG 


TCA 


GAG 


AAG 


GAA 


GAA 


GCC 


CCA 


AAG 


CCA 


CTT 


CAC 


AAA 


2800 


GTA 


GTG 


GTA 


TGT 


GTT 


AGT 


AAA 


AAA 


CTC 


AGT 


AAG 


AAG 


CAG 


AGT 


GAA 


CTA 


2848 


AAT 


GGG 


ATC 


GCA 


GCC 


TCT 


CTA 


GGA 


GCA 


GAT 


TAC 


AGG 


TGG 


AGT 


TTT 


GAT 

V* 111 


2896 


n A A 

U rt rt 


ATA 

M L. rt 


U 1 u 


APT 

rt L 1 


PAT 


1 1 u 


ATP 


TAT 
1 rt 1 


P A A 
rt rt 


VJ u u 


pnn 


P P A 
L rt 


AAT 
rt rt 1 


HAP 
U rt L. 


APT 
ft L 1 


AAT 
rtft 1 


Z y 4 4 


CGG 


GAG 


TAT 


AAA 


TCT 


GTA 


AAA 


GAA 


AGA 


GGA 


GTA 


CAC 


ATT 


GTT 


TCC 


GAG 


2992 


CAC 


TGG 


CTT 


TTA 


GAT 


TGT 


GCC 


CAA 


GAG 


TGT 


AAA 


CAT 


CTT 


CCT 


GAA 


TCT 


3040 


CTT 


TAT 


CCA 


CAT 


ACT 


TAT 


AAT 


CCC 


AAA 


ATG 


AGC 


TTG 


GAT 


ATC 


AGC 


GCA 


3088 


GTG 


CAA 


GAT 


GGC 


CGG 


CTC 


TGT 


AAT 


AGT 


CGA 


CTA 


CTC 


TCA 


GCT 


GTG 


TCT 


3136 


TCA 


ACA 


AAG 


GAT 


GAT 


GAG 


CCA 


GAT 


CCT 


TTG 


ATT 


TTA 


GAA 


GAA 


AAT 


GAT 


3184 


GTA 


GAC 


AAT 


ATG 


GCC 


ACC 


AAT 


AAT 


AAA 


GAG 


TCA 


GCA 


CCA 


TCA 


AAT 


GGA 


3232 


AGT 


GGA 


AAG 


AAT 


GAC 


TCT 


AAA 


GGA 


GTT 


CTG 


ACA 


CAG 


ACC 


TTA 


GAG 


ATG 


3280 
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AGA 


GAG 


AAC 


TTT 


CAG 


AAG 


CAG 


TTA 


CAG 


GAG 


ATA 


ATG 


TCT 


GCA 


ACA 


TCA 


3328 


ATA 


GTG 


AAA 


CCC 


CAA 


GGG 


CAG 


AGG 


ACT 


TCC 


CTT 


TCA 


AGA 


AGT 


GGT 


TGT 


3376 


AAC 


AGC 


GCA 


TCT 


TCA 


ACC 


CCT 


GAC 


AGC 


ACT 


CGC 


TCT 


GCT 


CGC 


AGT 


GGA 


3424 


CGA 


AGT 


AGA 


GTC 


CTA 


GAG 


GCA 


CTG 


AGG 


CAG 


TCT 


CGT 


CAG 


ACA 


GTA 


CCT 


3472 


GAT 


GTC 


AAC 


ACA 


GAG 


CCT 


TCC 


CAA 


AAT 


GAA 


CAG 


ATC 


ATT 


TGG 


GAT 


GAC 


3520 


CCT 


ACA 


GCA 


AGG 


GAG 


GAG 


AGA 


GCA 


AGG 


CTT 


GCC 


AGC 


AAT 


TTG 


CAG 


TGG 


3568 


CCT 


AGT 


TGT 


CCC 


ACA 


CAA 


TAC 


TCT 


GAG 


CTT 


CAG 


GTT 


GAC 


ATT 


CAA 


AAC 


3616 


TTG 


GAG 


GAT 


TCT 


CCT 


TTT 


CAA 


AAG 


CCT 


TTA 


CAT 


GAT 


TCA 


GAA 


ATT 


GCT 


3664 


AAA 


CAG 


GCT 


GTC 


TGT 


GAT 


CCT 


GGA 


AAC 


ATA 


CGT 


GTG 


ACT 


GAA 


GCT 


CCC 


3712 


AAA 


CAC 


CCA 


ATC 


TCT 


GAA 


GAA 


CTG 


GAA 


ACT 


CCC 


ATA 


AAA 


GAC 


AGC 


CAC 


3760 


CTG 


ATC 


CCT 


ACG 


CCT 


CAA 


GCC 


CCC 


AGT 


ATT 


GCC 


TTT 


CCA 


CTC 


GCC 


AAC 


3808 


ccc 


CCT 


GTG 


GCT 


CCG 


CAC 


CCT 


AGA 


GAA 


AAG 


ATT 


ATA 


ACG 


ATA 


GAG 


GAG 


3856 


ACT 


CAT 


GAA 


GAA 


TTA 


AAA 


AAA 


CAG 


TAC 


ATA 


TTT 


CAG 


TTA 


TCA 


TCT 


CTG 


3904 


AAT 


CCT 


CAA 


GAA 


CGT 


ATT 


GAC 


TAT 


TGT 


CAT 


CTG 


ATT 


GAG 


AAA 


CTA 


GGT 


3952 


GGA 


TTG 


GTG 


ATA 


GAA 


AAG 


CAG 


TGC 


TTT 


GAT 


CCC 


ACC 


TGT 


ACA 


CAC 


ATT 


4000 


GTT 


GTG 


GGA 


CAT 


CCA 


CTT 


CGA 


AAC 


GAG 


AAG 


TAT 


TTA 


GCC 


TCA 


GTG 


GCA 


4048 


GCT 


GGG 


AAG 


TGG 


GTG 


CTT 


CAT 


CGC 


TCC 


TAC 


CTT 


GAA 


GCC 


TGC 


AGG 


ACT 


4096 


GCT 


GGA 


CAC 


TTC 


GTG 


CAG 


GAA 


GAA 


GAC 


TAT 


GAA 


TGG 


GGA 


AGT 


AGT 


TCC 


4144 


ATA 


CTT 


GAT 


GTT 


TTG 


ACT 


GGA 


ATC 


AAT 


GTA 


CAG 


CAA 


CGA 


AGA 


CTA 


GCA 


4192 


CTT 


GCA 


GCA 


ATG 


AGA 


TGG 


AGA 


AAA 


AAA 


ATC 


CAG 


CAA 


AGA 


CAA 


GAA 


TCT 


. 4240 


GGC 


ATT 


GTT 


GAG 


GGA 


GCA 


TTT 


AGT 


GGG 


TGG 


AAG 


GTT 


ATT 


TTA 


CAT 


GTG 


4288 


GAT 


CAG 


TCT 


CGA 


GAA 


GCA 


GGC 


TTC 


AAA 


CGC 


CTT 


CTT 


CAG 


TCA 


GGA 


GGA 


' 4336 


GCA 


AAG 


GTG 


CTA 


CCT 


GGT 


CAT 


TCT 


GTA 


CCT 


TTA 


TTT 


AAA 


GAG 


GCC 


ACA 


■ 4384 


CAT 


CTT 


TTT 


TCT 


GAC 


TTG 


AAT 


AAA 


CTG 


AAA 


CCA 


GAT 


GAC 


TCG 


GGA 


GTT 


4432 


AAT 


ATA 


GCA 


GAA 


GCT 


GCT 


GCC 


CAG 


AAC 


GTG 


TAC 


TGC 


TTG 


AGA 


ACA 


GAA 


- 4480 


TAC 


ATT 


GCT 


GAT 


TAT 


CTC 


ATG 


CAG 


GAA 


TCA 


CCT 


CCT 


CAT 


GTA 


GAA 


AAT 


4528 


TAC 


TGT 


CTA 


CCA 


GAA 


GCT 


ATT 


TCA 


TTT 


ATT 


CAG 


AAT 


AAT 


AAG 


GAA 


CTT 


4576 


GGG 


ACT 


GGA 


TTA 


TCA 


CAA 


AAG 


AGG 


AAA 


GCT 


CCT 


ACA 


GAA 


AAA 


AAT 


AAA 


4624 


ATC 


AAA 


CGA 


CCT 


AGA 


GTA 


CAC 


TAA 


TCGCATCTAC ( 


CCTTTAGTTA CCAAACATTA 


4678 



AATGTTTTTA AAAATTGAAA GCCTGAATGT GACTGTGATA GATTTGGGTA GTAATTTAAA 4738 

GATGAGTACC TGAAGAATTC TGCTTCAGAG TATAATGATG ACCCTTCTTG AGTTTTGAAC 4798 

ACCTGAAATT GTAATCACTG AAATATTAAC TGTTTCTTAA TAAAAAGTTA CCTGAAATAA 4858 

CAACAAAATA CAACTCCTCA GCTAGCTTGC TGTTAAACCA CATTGAAGTC TGTTAAAAGA 4918 

TATTTATTTT TCTTGTAAAT ATCTGAAGCT GTAGCTTAGT GGAAATTTTA GCAAGGTAAT 4978 

GGATTTTGCT TTAAAATGTC TGCCTTACAA ATTCATAACA ACAAGATTTG TCAGTCAGCA 5038 

TTTATTCATG TTTTCCCTGA TTTTTATCTT CTCACCATTT TACCTCTTTT AACAGGAGCC 5098 

TGAGCACAAG GTTTAATGAG GAAGCTGGGG CTATAAATAT GTGTGTATAT ATGTATATGT 5158 

ATGTTTGTAC AAATCTCCAT GATGTTTGCC AAGTTTGAAT GCGCAAAACT TGGAAAATGT 5218 

GACAATAAAG AATAAAAGTA GTAACTCAAA TTAGTATT 5256 

[0105] mm^ : 6 mmcrm -.r^ym 

EmcOM^ : 4 7 9 W.¥\<^W^ : ^T-f- F 

mm 

Asn Met Ser Leu Val Ser Leu Thr Lys Glu Lys Val Glu Glu Leu He 

1 5 10 15 

Lys Gin Arg Asp Ala Lys Gly Ar^ Glu Val Asn Asp Leu Lys Arg Lys 

20 25 30 

Ser Pro Ser Asp Leu Trp Lys Glu Asp Leu Ala Ala Phe Val Glu Glu 

35 40 45 

Leu Asp Lys Val Glu Ser Gin Glu Arg Glu Asp Val Leu Ala Gly Met 
50 55 60 
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Ser Gly Lys Ala lie Lys Gly Lys Val Gly Lys Pro Lys Vai Lys Lys 
65 70 75 80 

Leu Gin Leu Glu Glu Thr Met Pro Ser Pro Tyr Gly Ars Pro He He 

85 90 95 

Pro Glu He Thr Ala Met Lys Ala Asp Ala Ser Lys Lys Leu Leu Lys 

100 105 110 

Lys Lys Lys Gly Asp Leu Asp Thr Ala Ala Val Lys Val Glu Phe Asp 

115 120 125 

Glu Glu Phe Ser Gly Ala Pro Val Glu Gly Ala Gly Glu Glu Ala Leu 

130 135 140 

Thr Pro Ser Val Pro He Asn Lys Gly Pro Lys Pro Lys Ar^ Glu Lys 
145 150 155 160 

Lys Glu Pro Gly Thr Ars Val Arj? Lys Thr Pro Thr Ser Ser Gly Lys 

165 170 175 

Pro Ser Ala Lys Lys Val Lys Lys Arg Asn Pro Trp Ser Asp Asp Glu 

180 185 190 

Ser Lys Ser Glu Ser Asp Leu Glu Glu Thr Glu Pro Val Val He Pro 

195 200 205 

Arj? Asp Ser Leu Leu kr^ Arg Ala Ala Ala Glu Arj? Pro Lys Tyr Thr 

210 215 220 

Phe Asp Phe Ser Glu Glu Glu Asp Asp Asp Ala Asp Asp Asp Asp Asp 
225 230 235 240 

Asp Asn Asn Asp Leu Glu Glu Leu Lys Val Lys Ala Ser Pro He Thr 

245 250 255 

Asn Asp Gly Glu Asp Glu Phe Val Pro Ser Asp Gly Leu Asp Lys Asp 

260 265 270 

Glu Tyr Thr Phe Ser Pro Gly Lys Ser Lys Ala Thr Pro Glu Lys Ser 

275 280 285 

Leu His Asp Lys Lys Ser Gin Asp Phe Gly Asn Leu Phe Ser Phe Pro 

290 295 300 

Ser Tyr Ser Gin Lys Ser Glu Asp Asp Ser Ala Lys Phe Asp Ser Asn 
305 310 315 320 

Glu Glu Asp Ser Ala Ser Val Phe Ser Pro Ser Phe Gly Leu Lys Gin 

325 330 335 

Thr Asp Lys Val Pro Ser Lys Thr Val Ala Ala Lys Lys Gly Lys Pro 

340 345 350 

Ser Ser Asp Thr Val Pro Lys Pro Lys Arj? Ala Pro Lys Gin Lys Lys 

355 360 365 

Val Val Glu Ala Val Asn Ser Asp Ser Asp Ser Glu Phe Gly He Pro 

370 375 380 

Lys Lys Thr Thr Thr Pro Lys Gly Lys Gly Arj? Gly Ala Lys Lys Arg 
385 390 395 400 

Lys Ala Ser Gly Ser Glu Asn Glu Gly Asp Tyr Asn Pro Gly Arj? Lys 

405 410 415 

Thr Ser Lys Thr Thr Ser Lys Lys Pro Lys Lys Thr Ser Phe Asp Gin 

420 425 430 

Asp Ser Asp Val Asp He Phe Pro Ser Asp Phe Pro Thr Glu Pro Pro 

435 440 445 

Ser Leu Pro Ars Thr Gly Arg Ala Arg Lys Glu Val Lys Tyr Phe Ala 
450 455 460 
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Glu Ser Asp Glu Glu 
465 

[01063 ffi^iJ^-^ : 7 
MmcO^^ : 1 3 0 

Asn Met Ser Leu Val 
1 5 
Lys Gin Ar^ Asp Ala 

20 

Ser Pro Ser Asp Leu 
35 

Leu Asp Lys Val Glu 
50 

Ser Gly Lys Ala lie 
65 

Leu Gin Leu Glu Glu 

85 

Pro Glu lie Thr Ala 

100 

Lys Lys Lys Gly Asp 
115 

Glu Glu 
130 

[01073 Ei^m^ : 8 
mm^^ : 3 2 

mem : -^m 
mm 

GGATCCGGTC AAAGAAAGAT TTGATTCAAA tg 

[0 1 083 m^m^ : 9 

ffi^iJOS? : 2 5 

mmcnm : 
mm 

GATTTGTTGA AAAATGTTTG TGCTC 25 

[0 1 093 mm^- : 1 0 

sm<^$ : 3 0 

mn(7)mm : 

GCTTCAAACG CCTTCTTCAG TCAGGAGGAGC 

[01103 mm^^ : 1 1 

le^iJcO^? : 3 1 



Glu Asp 
470 



Asp Val Asp Phe Ala Met Phe Asn 

475 479 

mm<^WS, : K 



Ser Leu 

Lys Gly 

T r p Lys 

Ser Gin 
55 

Lys Gly 

70 
Thr Met 

Met Lys 

Leu Asp 



Thr Lys Glu 
10 

Ar^ Glu Val 

25 

Glu Asp Leu 
40 

Glu Arg Glu 

Lys Val Gly 

Pro Ser Pro 
90 

Ala Asp Ala 
105 

Thr Ala Ala 
120 



Lys Val 
Asn Asp 
Ala Ala 



Asp Val 
60 

Lys Pro 

75 
Tyr Gly 



Glu Glu Leu 1 1 e 
15 

Leu Lys Ar^? Lys 
30 

Phe Val Glu Glu 
45 

Leu Ala Gly Met 



Lys Val Lys Lys 

80 

Ar^ Pro lie lie 
95 

Ser Lys Lys Leu Leu Lys 

110 

Val Lys Val Glu Phe Asp 
125 



32 



mm 

TAATATAGCA GAAGCTGCTG CCCAGAACGT G 

[01113 mmm^ : 1 2 

mmcr^^ : 3 0 

mmcm : 



m^mmm. : 
mm 

AGGTGATCAA AGACAACGCC ACTAAAAGGG 
[01123 BE^fJ*^ : 1 3 

msm^^ : 3 0 

m3^\am : ^mi 



31 



30 



30 



m3mm^ : 
mm 

TTCTGAACTC GTJGGAGCCT CGGGGTCTCC 30 
\m\ \ bhh;K>ry;><^— tfll >6r. TopBPlioJ;lATopB 
[[12 3 TopBP2tNocturnin. mk^^^V)^9'^<rmn 

[[13 3 TopBP2 h ^~r9^y(mimm^iktj-^ 



(24) 



^F^l 1-75856 



imS 1 TopBPlt. Rad4. Ect2. XRCC. Revl. ioctWA mKm^ST^i>. 



mi ] 



[[212 ] 



ATPase 



__fc: 



DMA ttBr/«<ei 



1621 



B tKTopBPl 



TopSPZ binding 1143 1272 

862 Topolip tt^ ^521 



C tSTopBPZ 
Topo Hp 

87 392 



1 



392 



n 

^J@& 22-3a 53-5fl 



1522 



43)1 W— 

TcpBPZ 



NocTumin: 

28!( H- 
T€pBPZ 

Nocturnin: 

TopO^ : 
Koctumin: 



161 BW«VCSVLALYSFCV)FUQeV 103 

Bt : : :Y fw; Ijdev 

131 ERTfLILSILUrOPDVliUCEV 1S3 



2i6 SGI€LCLtnSH.e?nCHAAERU<lJCUVU3^^ 287 

'C ^C* * * \^ ^ R* 0 *L * * ATV 
2i3 TGKlLCFAVtH.WPfnilNam^^ Z74 

367 iJGLEIGJXKfiFPSOHKCUjC 386 

:c :L :psdh: l:c 

3S7 IGPf«J»SFNYPSOHLSLVC 376 



B DNA^«|^>/<e?Jl(T«rTninal) 



325t H- . 47)( mU 

TopBPZ : ZD FLKGHCBGGWnm TOn FfiGnEAAEEEGEPEViQCRPLLCVff ASVASC 6S 

Rl GR R R * t RiA E&GE EV f^I I ' C 
TerainaCiei BUGCHG»U1PHSMUAI[URDAGQEEGEQEVPV^^ 209 

18K 1'^'"' 3^ I8(S 

TopBP2 : W PPVEE5M.eW*ETISEPiaYVX7NSTTIJ3TT^lSPSa7TDaEI^^ 153 

PPEE ElE ED* IE* "'10 

Tarain3r:378 PPEEEEGEAUCE[£EQEAPVAfSCVRDWAELIRU£EELTVSAR^^ 437 

TopBPZ : 1 54 UXJirLSSRAflGVCSYLN.YSPWia.aEVl PmSVUWlSSNYB i-TCHEESYITrA IM 21 3 

' E ' ■ "p" g . • YL R NY ** HE '•' ■■ 

TBrmina 1:438 YEAIOLEALSdIiCSTUIRJWHYFFWB^^ 497 

Tcf3BP2 :214 \X 2lS 

T«riiin9t:4g8 UR 49 



m 



C TopBP2 




246 



367 




kb 



7i — 



2w4 — 



1.4 — 




[HI?] 



J. »7 
vru. fy oj to 



0 s 

3 O (3 



126 

4B M 




GST- 
TcjpBPl 



GST 



1 



-TofX) 



[H4] 



229 



lis 



i\ t~ ^- I- ,-\ 
V <A cn to V 

TopomRNA mRf(A(-l 



tZfi — 



4B< 



GST- 

■ TQp6P2 IT 



•Topo 



— OST 



12 3 4 



CM 



me] 



1 1 fi S & !e S 



Kb 

»J — 

7.B — 

4,4 — 



1.4 — 



t II » mum 

(D 



fcb 

as — 

4 4 — 



2.4 — 
1.4 — 




(25) 



Wm^l 1-75856 



TopBPtl) (OS 
TopBP(2} 200 
TopSP^} 359 
TopBP(4) 953 
TopBPts) 093 
TopBP(&} 90S 
TopBP(7[ 
TopBP(8l 
R*d4 1 1 



R«d4 

EctZ 

XRCC1 I 
R«vl ( 

B 

TopBPI 



RadV 
Cues 

Ecfi 



1264 
1331 
7 

102 
1 

9S 
320 
187 



- 4ftC- t . .« €6 - - VTHLU «- ICY » - • i«, 

y5DVTiSCTSL-E):EttEEVHK*Voy»6eR\tT--flDL>rVS\CTHLrA«EV8SR-ltyLVlSAIlE^ 173 
F4.GCl.rCVTQLCfiLOfllCE¥QOLT,V[-KK6GOY)tC-OLICHHECTHtlVOEPKGQ-KV^aiCRlJI--yfHCmQ^^^ 26B 
LdeCRrYLCqp-SOnidLDltLRRW^SO'S^-.yR-PHflLNEDVTHYiyto'fODELKQFWllCSJWRP-H.m «28 

PSOKSf'LVLOFSIIEirESNjVAH ( IJCEHABRI * SLliSR— TYA pYA VV-ekl^QEVEATVGE.V*(TMT|ty 61? 

TNI. I LKEA C 6S ^KYxEAKlC CWN - - A3rr I A VLL' 722 
LHKyWCVSKKLSICKQSEi^-C^^AASLeADyRl--SFDETi\RtlFl.TjOGflPNDrNREtX^ 97S 

LKKOYI PQLSSiypOEJtl DYCHt»£ICL€«Lyi EKOCFDPTCTHf WCHej-BWEKy-lJ— " iCsMAOKtVCl 329 

I&YIX — icbR TAONFVjD-' EE DYEH 6 SS&rt-DVV' — LTG?WQ<UlR.^BXAUA1lfRK1 379 
LKCFVrCCrs L^UCOBte r5TR-AtRLtfAAYR--S0KTItDVTHtlA6DebTP-ltyKifAAICSftP0iT^ IP 76 

LFKCnVCLrN r!fii>P£ft5fllEMYVL.CKeGTFC>.P00rRDYTHi:UGTSSQR-KYEYALRIK'. nUVVCVEWLAi 1 69 
UL)lLVLCFT0FR«EeLV)(LVTLVHHIIfiGyi^»--KE{^NSI^VTHLVAFCT0fiE-!CPny>VSLOTP--tMICPEf riTi 69 




m 



1522 





e« Bovi 








Unwcl 




OTP- 




736 XH0C1 




- 


633 



885 



:§A di£b4H&s tvthr I yo6RPHorSiE«i sJk^'*'!^^?- 



SgNILO^A^KaiGC^SlSKASLC^STIK 



TopBPI 8«4 ?05EKEeAPfcfH.WmWVSKXeSXi:0$g^ 
PARP 378 £ifKSSA$jCDjini^HtlKlltTLC«D&§NILO^AKlE 

S-VSE -LO KLE--H-P 



[tfaiB] ¥^9^9^2 5B 

imjEMmms.^] mm 



[HI ] 



[132] 



Q 



ATPese 



DMA QBi/nnd 



I 



ntti 



1621 
1621 



B thTopBPI 



TopBP2 WrKfinfl 1143 1272 
&f2 .Topollp 



1521 
— *l 



lU 
f 



1522 



C thTopBPa 



87 



392 
392 



Vn 

tiEJI^ 22-30. 53-9« 



A ^5-^- 
Topepz : 

Hoc turn) n: 
289 «— 

Hoeturntn: 

TflpaP2 : 
HooVumin: 



1B1 BUKVCSVLU-VSPDVlRjOEV 183 

a : : :y pw: wev 
131 BV3n.iLeEiiJmiP(MajaEv 153 

4B9E net 

24$ saejcurrsH-EsmMAABUoja^uaQja^^ 237 
:G tx:: :n_ _ 0 b: q ;L : : aty 

233 TGraXFAVTHJCARTGfBmJkDGSQUjyaCSIl^ 274 
387 iJA£aJXX3Pe?SamXJC 384 

:g :l :psoh: l:c 
357 igpfrpsfhtpsdhlslvc 376 



TopBPI : 20 PLIOiEnQGnajajGSa^GGREUESGEPEVnmij^ fiS 

ft! R R ' ' H'A Fh^- eV A>* ^ * C 
Tiniinil:l61 nUGGnG»iAWMMA(IM«l^G^^ 209 

IfflS . 34XBlfll 

TopBP2 : 9* PPVSESAL fcHK^I HtH CTYVXT Mzfc l lUil l !> ICISPSa3TgpCSM=SH1WlD(? 1S3 

PP_g. E IE E 0: t 6: :: ; :o 

T«rmiral;37B PPFTOigAl Vf?AfE^if^tFS&PSSTiiei.\m^jriWtGarf^t^ AST 

TopSPZ :i$4 LOJtU^MCVCSIIJ^ySPDVIRflEVIPPYYS:^^ 213 

■ g • *!F*E*' YL R ' NY • ■ HE ■' * * 

T«rmimn438 YEAHSl.EALEDitESTlPniMIYWABTrAT^^ 457 



TopBPZ :214 IX 215 
Tftniin&l:4ga VR 499 

C TopBP2 







Terrrtnal 










Noctumin 



161 



246 



387 



(26) 



1-75856 



[133] 



S! 



|2 



2A 




I 

CD 



4.4 



2.4 



1,4 



^ s ^ s tfe 




[04] 



. Si 

CD 

fy a 



0. C5 O O 



£0 V 



TopomBKA mRMA{-} 



229 




GST- 
TopBPS 

GST 



-Topo; 



12 3 4 5 



(27) 



1-75856 



Topap * 

TopBP 
Top BP 
TopBP 
TopBP 
TopBP 
TopBP (7) 1264 
TopBP(Bh331 




- & > -« 6G . 

DWTi=SCTSC-EICe(fRE^Ht?S0HU5GR(tY 

eL6c;i^cvT4uc6LD:^""^" - " ' " 



- VTHLU &. 

" ' M( 




KT » « ... ir-- 




ilili 



6: 



+ 



1S2Z 



Rad4/ 
Cuts 

Cct2 



646 





QTP- 











738 



XRCC1 





i 




Umuc 






i 


■■■ 


633 



985 



A ICPt- -1^ E. — L€ . &- « toft „ VKE - 



K L E - 



TopBPI 31 CERQ^EYJgaiaffiEEEA 
PA^P 330 fiEKi^KE^ellSYLKK 




995 



479 (@BADP-'j7K'>JHtl=^t\-C) 



55 



354 (DNAfe^KV-fVICfclxr) 



me ] 



CI. m 



« « SI « 

S « ii; at « 




A 

t 



M> 
«.4 



3.4 
1.4 



« 



mum 

& ae 




(28) ^tra^-l 1-7 5856 



[127] 




